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ABSTRACT

Polarization observations of tidal disruption events offer unique insights into the accretion processes around supermassive black
holes. Here, we present optical polarization observations of the nearby event AT 2023clx, obtained using the Nordic Optical
Telescope. Our observations reveal a rise and subsequent decay in the polarization degree, temporally offset from the peak of
the optical light curve, reaching maximum intrinsic polarization degree of ~5 per cent. In addition, the polarization angle shifts
by ~ 60°-100° between 6 and 20 d after the optical peak, remaining stable thereafter. Remarkably, the observed polarization
variability closely resembles that of AT 2020mot, strongly suggesting a common mechanism for accretion disc formation in
these events. The variability in both polarization degree and angle supports models in which tidal stream shocks drive the optical

outburst during the accretion disc formation.
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1 INTRODUCTION

Tidal disruption events (TDEs) occur when a star passes close enough
to a supermassive black hole that the tidal forces exerted by the
black hole exceed the star’s self-gravity, leading to its destruction.
A portion of the disrupted stellar debris becomes bound to the
black hole’s gravitational potential, forming elongated streams of
matter that collide and eventually settle into an accretion disc around
the black hole (Rees 1988; Evans & Kochanek 1989). The mass
accretion rates in TDEs can exceed the Eddington limit (Strubbe
& Quataert 2009; Lodato & Rossi 2011), making TDEs bright
sources in the local Universe. Thus, TDEs provide unique oppor-
tunities to study accretion disc formation and associated high-energy
phenomena, such as relativistic jets, around supermassive black
holes.

The increasing discovery rate of optically bright but X-ray-dim
TDEs — commonly referred to as optical TDEs (Gezari et al.
2012; van Velzen et al. 2021) — has sparked debate about the
mechanisms driving their observed emission. Many optical TDEs
also exhibit late-time detections in the X-ray (e.g. Pasham et al.
2017; Guolo et al. 2024) and radio (Horesh, Cenko & Arcavi
2021; Cendes et al. 2024), suggesting delayed accretion disc and
jet formation or the obscuration of X-ray emission. Several models
have been proposed to explain the optical flares in TDEs, including
the reprocessing of X-ray emission from the accretion disc by
stellar debris (e.g. Loeb & Ulmer 1997; Strubbe & Quataert 2009;
Guillochon, Manukian & Ramirez-Ruiz 2014; Roth et al. 2016),
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radiatively or collisionally driven winds (Metzger & Stone 2016;
Lu & Bonnerot 2020; Parkinson et al. 2022), and shock-powered
emission from the inefficient circularization of disrupted stellar
material (Piran et al. 2015; Shiokawa et al. 2015; Jiang, Guillochon
& Loeb 2016; Ryu et al. 2023; Price et al. 2024; Steinberg &
Stone 2024). While these scenarios predict similar optical light
curves (and late-time X-ray/radio behaviour; Gezari, Cenko & Arcavi
2017), they are expected to differ in their polarization signatures
— specifically in the polarization degree, and variability of the
polarization angle. Reprocessing models predict polarization degrees
less than 14 per cent (at most preferable conditions) and minimal,
slow variability for the polarization degree and angle (Leloudas
et al. 2022; Charalampopoulos et al. 2024), while shocks can yield
much higher polarization degree and exhibit strong variability, as
seen in many astrophysical scenarios with ordered magnetic fields
(e.g. in blazars; Angel & Stockman 1980; Hovatta & Lindfors 2019,
and gamma-ray bursts; Mundell et al. 2013). This makes polariza-
tion a novel diagnostic tool for probing emission mechanisms in
TDE:s.

Recent observations have revealed a wide range of polarization
properties in optical TDEs (Leloudas et al. 2022; Patra et al.
2022; Liodakis et al. 2023; Koljonen et al. 2024). Notably, AT
2020mot exhibited a very high intrinsic polarization degree (~25
per cent; Liodakis et al. 2023) implying shock-powered emission,
as reprocessing scenarios predict maximum polarization degrees
of only 6-14 per cent (Leloudas et al. 2022; Charalampopoulos
et al. 2023). Furthermore, fast variability in both polarization degree
and angle has been observed during peak optical emission, with
possible explanations including shocks or a precessing accretion
flow (Koljonen et al. 2024).
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1.1 AT 2023clx

AT 2023clx (ASASSN-23bd) is a nuclear transient event identified
as a TDE in the nearby galaxy NGC 3799 (Johansson et al. 2023;
Taguchi et al. 2023), which appears to be merging with its companion
galaxy, NGC 3800 (Ramos Padilla et al. 2020). NGC 3799 is a star-
forming galaxy classified as a low-ionization nuclear emission-line
region galaxy (see discussion in Charalampopoulos et al. 2024),
indicative of either low-luminosity active galactic nucleus (AGN)
activity (Ho 2008), a population of post-AGB stars (Yan & Blanton
2012), or merger-induced shocks (Kewley et al. 2015).

Previous studies have extensively examined the possibility of
AGN activity as the origin of AT 2023clx (Sfaradi et al. 2023;
Charalampopoulos et al. 2024; Hoogendam et al. 2024) but have
deemed it unlikely due to several factors: the estimated low mass of
the black hole (Mpy ~ 10°My), the event’s fast rise and shallow
decline in the optical, the absence of stochastic variability, no
detectable pre-event variability in archival optical or X-ray data, the
lack of Mg 11 or Fe 1I lines in spectra, the decreasing emission-line
widths as the event decays, flat Balmer decrements, the similarity
of the optical spectra to other TDEs, and late-time X-ray detection
(Charalampopoulos et al. 2024; Hoogendam et al. 2024). AT 2023clx
has also shown potentially transient radio emission with 0.4 mJy
detection ~5 d post-peak, and a pre-event 3o upper limit of 0.37
mly (Sfaradi et al. 2023).

Located at z = 0.01107 (Albareti et al. 2017), NGC 3799 hosts
the closest TDE observed to date (Zhu et al. 2023). In addition,
AT 2023clx presents unusually fast evolution and faint brightness,
which may suggest the disruption of a low-mass star. This event
hints at the existence of a broader population of faint TDEs currently
undetectable with existing facilities (Charalampopoulos et al. 2024).

In this paper, we present optical polarization observations of AT
2023clx obtained with the Nordic Optical Telescope (NOT). In
Section 2, we describe the observations and the polarization data
analysis. In Section 3, we present the polarization results during the
optical outburst decay phase of AT 2023clx. In Section 4, we discuss
these results, particularly in the context of the tidal stream shock
scenario, and compare them to the similar evolutionary behaviour
observed in AT 2020mot. Finally, we provide our conclusions in
Section 5.

2 OBSERVATIONS AND DATA ANALYSIS

We observed AT 2023clx using the Alhambra Faint Object Spec-
trograph and Camera (ALFOSC) with the Filter and Shutter Unit
Polarizer (FAPOL) over five epochs: four starting near the peak
optical brightness and continuing for approximately a month during
the optical decay, and a fifth taken 2 yr after the event for calibration
purposes. The observation log is provided in Table 1. FAPOL uses a
calcite crystal to split incoming light into two orthogonally polarized
beams. A A/2 plate, placed in the optical path before the calcite,
rotates the orientation of the incoming light relative to the instrument.
Each polarization observation consisted of four exposures taken at
A/2 plate angles of 0°, 22.5°, 45°, and 67.5°. Polarization parameters
were calculated from the flux ratios of the two beams, hereafter
referred to as the o- and e-beams, as follows: First, we measured the
net counts from the o- and e-beams within a 3.0 arcsec radius aperture
in each image, denoted as N and N for i = 0°,22.5°,45°, 67.5°.
We then computed the flux ratios as Q; = N/ /Ny . These ratios were
used to calculate the normalized Stokes parameters g and u:

01— 0s 02— Q4
q = , U= s
Oum Ou

(€]
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Table 1. Log of the NOT/ALFOSC polarization observations.
D (@) 3 )
YYYY-MM-DD uT® Band texp(s)”
2023 Feb 28 00:08:58 B 300
00:56:34 v 200
00:30:48 R 300
2023 Mar 14 04:17:28 B 300
04.44:56 % 250
03:54:11 R 300
2023 Mar 23 01:53:20 B 300
01:29:02 R 300
2023 Mar 29 23:50:25 B 300
23:12:16 R 300
2025 Feb 25 02:46:32 B 300
06:20:31 \% 300

Notes. “Time of the start of the first exposure.
bExposure time per lambda plate position.

where Qy = Q1 + Q> + O3 + Q4. From these, the degree of po-
larization p and polarization position angle (PA) were derived as

p= \/m, PA = 0.5 x arctan <g> 2

The PA was calibrated using a previously determined instrumental
offset derived from observations of high-polarization standard stars.!
The degree of polarization p was then de-biased using the equation

po=+p—141 x0,, 3)

where 0, = (0, + 0,,)/2, and 0, and o, were calculated via Gaussian
error propagation from oyee (Simmons & Stewart 1985).
Additional observations were made on 2025 January 12, during
which we obtained direct images of the host galaxy of AT 2023clx
through B, V, and R filters. The purpose of these observations was to
create a pure host galaxy template after the TDE has faded, enabling
accurate host galaxy subtraction from the polarization images. The
telescope, instrument, and filters were the same as those used for the
polarization observations, with the only difference being the absence
of the A/2 plate and the calcite. The exposure time was 240 s per filter,
and the image quality was better than in most of the polarization data.

2.1 Host galaxy correction

Extracting the intrinsic polarization of the TDE requires subtracting
the unpolarized contribution from the host galaxy within the source
aperture. The host galaxy of AT 2023clx is a spiral galaxy with a
surface brightness profile too complex for analytical modelling (see
Fig. 1). Therefore, we used properly scaled template images obtained
nearly 2 yr after the TDE peak emission, as described in the previous
section. These images were the used to construct a TDE-free polar-
ization image in each band, which was fitted to the observed images.

Several aspects of the polarization data complicate modelling, and
careful procedures were necessary to achieve clean subtraction. First,
the positions and separations of the o- and e-beams vary with filter.
Secondly, the two beams have different point spread functions (PSFs)

'The instrument’s stability is monitored regularly using high- and zero-
polarization standard stars. The PA offset has been determined to be 91.6°
and instrumental polarization less than 0.3 per cent. We did not observe any
deviations in instrument performance in the standard star observations taken
close in time to our science observations.
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Figure 1. Two examples of the host galaxy subtraction in the B band. Left
panels: data obtained on 2023 March 23. Right panels: data obtained on 2025
February 25, after the TDE had faded. Top row: the observed image at a
calcite position of 0°. Bottom row: corresponding residual images after the
host galaxy subtraction. North is up and east is to the left in all panels. The
field of view is 52 x 52 arcsec.

and transmit unequal amounts of light (the gain difference being one
of the main reasons for taking four images rather than two). Thirdly,
the o- and e-beams are not perfectly aligned due to differences in
their beam centres. To mitigate any leftover TDE contamination,
we excluded the central 3.2 arcsec region around both beam centres.
The outer boundary (11.8 arcsec) was selected to include the brightest
regions of the host galaxy, while the inner exclusion ensured the TDE
signal was fully removed.

Since the template images had better resolution [i.e. smaller full
width at half-maximum (FWHM)] than the polarization images, we
matched their resolutions by convolving the templates with elliptical
Gaussian kernels. The convolution kernel parameters (FWHM,
ellipticity, and PA) were free parameters in the fit, and separate
kernels were used for the o- and e-beams. In the few cases where
the polarization images had higher resolution than the templates, we
first convolved the polarization images with a Gaussian to match the
template resolution before proceeding with the fit.

The model was defined by the following 14 parameters: (1) and
(2) the x- and y-position of the o-beam image, (3) the separation
between the o- and e-beams (fixed), (4) the calcite misalignment
(fixed at 0.4°), (5) template size scaling (fixed at 1.0075), (6) o-
beam template scaling, (7-9) o-beam kernel FWHM, ellipticity and
PA, (10) e-beam template scaling, (11-13) e-beam kernel FWHM,
ellipticity, and PA, and (14) the sky level. The fits typically converged
within 2000-3000 iterations. Given the number of free parameters,
multiple fits with different initial conditions were performed to ensure
convergence to the global chi-squared minimum.

The residual images after host subtraction (see Fig. 1, bottom-
left panel) show a clear point-source excess at the galaxy centre,
corresponding to the TDE. We performed aperture photometry on
the host-subtracted images using a 2.5-arcsec aperture radius and
calculated the polarization properties of the TDE using standard
methods (e.g. Landi Degl’Innocenti, Bagnulo & Fossati 2007). This

MNRAS 542, 2238-2244 (2025)

aperture radius was chosen as a compromise between two goals:
staying close to the optimal value of 1-1.5 FWHM (~ 1-1.5
arcsec), and including most of the TDE flux despite PSF differences
between the two beams. Within a reasonable range of aperture radii
(24 arcsec), the polarization parameters were stable within the
uncertainties derived from photon statistics and readout noise.

The fitted template scaling factors also allow us to estimate the
background polarization, which includes both instrumental and any
potential host contributions. We measured a small but consistent
polarization of py, = (0.46 & 0.07) per cent at a position angle of
PA = (136 + 5)°, consistently across all bands. We consider the
majority of this signal likely to result from instrumental polarization
and the template-fitting procedure, for which the polarization degree
is expected to be higher than in the case of a point-like source
observed with a circular aperture, where instrumental polarization
is typically below 0.3 per cent.?

However, we note that Uno et al. (2025) measured a similar polar-
ization degree 121 d after the peak, which could indicate a constant
level of polarization following the event arising from, e.g. emission
from a formed accretion disc. In the following text, we estimate if the
background polarization could be due to accretion disc. Following
Mummery et al. (2024), the optical g-band luminosity of the accretion
disc during the plateau phase for a black hole mass of Mgy = 10° M,
is L, &~ 10" erg s~!, which corresponds to an apparent magnitude of
approximately 19.6 at a distance of 47.8 Mpc. The host galaxy has a g-
band magnitude of ~14.2 (Charalampopoulos et al. 2024), resulting
in a flux ratio of Fpg/ Fuigx = 107231427196 ~ 145 Therefore, even
assuming a maximum polarization degree of 11.7 per cent for the
disc, its contribution would only amount to ~0.08 per cent of the total
observed polarization. We therefore consider it highly unlikely that
the measured background polarization originates from the accretion
disc.

2.2 Line depolarization

AT 2023clx exhibits a broad H « line in its spectra (Charalampopou-
los et al. 2024). If this line is unpolarized, the R band may be affected
by line depolarization (e.g. Leloudas et al. 2022; see Fig. 2). Indeed,
spectropolarimetric observations of AT 2023clx at 5.4 d post-peak
show a dip in the polarization degree at the location of H «r, consistent
with line depolarization (Uno et al. 2025).

To estimate the potential impact of line depolarization in our filters,
we perform a rough calculation by fitting optical spectra (taken
from Charalampopoulos et al. 2024) obtained near the time of our
polarization observations with an exponential continuum and three
Gaussian profiles representing the strongest emission lines observed
in the spectra: Ho, H 8, and He 11 A4686. Each component is then
convolved with the corresponding filter transmission curve, and their
fluxes within the filters are calculated.

The resulting line-to-continuum flux ratios are approximately
0.02-0.1 in the B band and 0.3-1.2 in the R band. The V band is
largely free from any strong emission lines. It is worth noting that the
R-band ratio likely represents a lower limit, as the host galaxy’s flux
increases at redder wavelengths, and it is challenging to accurately
determine the level of the intrinsic TDE continuum in the spectra.
Consequently, if the H o line is unpolarized, the intrinsic polarization
degree in the R band could be higher by up to a factor of 2.

2We measured Pvg = (0.2 £ 0.15) per cent for a zero-polarization standard
star observed close in time to our science observations.
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Figure 2. A collection of host-subtracted optical spectra from Charalam-
popoulos et al. (2024) close to our NOT polarization observations. The
transmission curves of the NOT filters used are shown at the bottom. The H«
line dominates the R-band flux, which may affect the measured polarization
degree significantly in that band.

Therefore, we consider the R-band continuum polarization results
to be potentially compromised during epochs when the Ho line is
strong (i.e. the last three epochs), as the exact depolarizing effect of
the H o line remains uncertain. However, this primarily affects the
polarization degree rather than the polarization angle. In contrast,
the B- and V-band measurements are expected to provide a more
accurate estimate of the polarization of the underlying continuum.

3 RESULTS

We detect polarized optical emission from the source, with an
increasing polarization degree and a varying polarization angle
during the optical decay phase (Fig. 3, Table 2). The first observation,
taken ~6 d after the peak, shows a polarization degree of ~1.5 per
cent and polarization angle of ~ 120° in the V and R bands, while
in the B band, the polarization degree is consistent with zero at the
1.70 level.

In the second observation, taken at ~20 d after the peak, the
V-band polarization degree remains similar, while the degrees in
the R and B bands increase to ~2 and ~3 per cent, respectively.
This suggest a pivot in the polarization spectrum between the first
two observing epochs — from red-dominated polarization (with V-
and R-band polarization degrees > 8o above the background, while
the B band is consistent with the background) to blue-dominated
polarization (with the B-band polarization degree ~ 4o higher than
that in the V band). At the same time, the polarization angle changes
significantly, decreasing from ~100-120° to ~25-45°.

In the third observation, the B- and R-band polarization degrees
are both around 3 per cent. The fourth observation shows the highest
polarization levels, with ~4 and ~5 per cent in the B and R bands,
respectively. The polarization angle remains similar to that in the
second observing epoch. As noted in Section 2.2, the Ha line flux
can contribute more than 50 per cent of the total R-band flux, making
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Figure 3. Upper panel: ASAS-SN and ZTF g-band apparent magnitude
light curve (data tabulated in Charalampopoulos et al. 2024). Middle panel:
multiband, host-corrected polarization degrees from our NOT observations
(filled symbols), a 20 upper limit from the Liverpool Telescope (green
arrow), and band-averaged polarization degrees from spectropolarimetric
observations presented in Uno et al. (2025, open symbols). The dotted
lines show a linear fit to the NOT B- and R-band polarization degrees. An
average systematic uncertainty from template-fitting procedure, as discussed
in Section 2.1, is shown in the upper left corner. Lower panel: multiband
polarization angle from our NOT observations (filled symbols) and band-
averaged values from Uno et al. (2025, open symbols).

it difficult to interpret the polarization spectrum during the latter
two observing epochs. Over the four observations, the increase in
polarization degree in the B and R bands is approximately linear (see
the dotted lines in Fig. 3), with a growth rate of 0.11 per cent per day.

However, ~55 d after the peak, the polarization degree drops
significantly. A 20 upper limit of 1.5 per cent in the V band
was obtained using the Multicolour OPTimised Optical Polarimeter
(MOPTOP), mounted on the 2-m Liverpool Telescope (Charalam-
popoulos et al. 2024). Consistent results with this upper limit are
reported by Uno et al. (2025), whose data we have also included in
Fig. 3 (open symbols). We convolved their ¢ and u polarization
spectra with the NOT filter transmission curves and calculated
average polarization degrees and angles in the B, V, and R bands
to enable direct comparison with our results. These show blue-
dominated polarization with degrees below 2 per cent near the time
of the MOPTOP observation. Their data obtained close in time to
our first observing epoch also show comparable results, although
our R- and V-band polarization degrees are higher by ~1 per cent.
This discrepancy may arise from differences in host subtraction and
calibration methods.

4 DISCUSSION

The origin of optical polarization in TDEs remains an open question.
A variable polarization degree and angle is difficult to reconcile with a
simple reprocessing scenario unless the intrinsic emission geometry
or scattering medium/surface evolves rapidly over time. However,
tidal stream shocks are expected to change in both orientation and

MNRAS 542, 2238-2244 (2025)

Gz0z Jaquieldag 9z uo Jesn aua) abenbueT Alsiaaiun myNL AqQ 851/ £28/8E2Z/S/Z¥S/a101e/SBIuW/WOo2 dNo"dIWapeo.//:sdy Wol) PaPEojUMO(]



2242 K. L I. Koljonen et al.

Table 2. Optical polarization parameters of AT 2023clx from our NOT observations. Both apparent and host-corrected values are shown.

Host-corrected

MID MJD—-59997.25 Band q u p (per cent) PA (°) q u p (per cent) PA (°)
60003.01 5.8 B —-0.27+0.11 —0.06 £0.11 0.25£0.11 96+13 —-0.23+£0.12 —0.05+£0.12 0.20+0.12 99+ 19
60017.19 19.9 B —0.18+£0.15 099+0.15 1.00£0.15 50+4 0.04+£037 3.324+0.36 3.30+0.36 45+3
60026.09 28.8 B 024+£0.12 1.24+0.12 1.26+0.12 40+3 1.08 £0.21 2.86+0.29 3.05+0.25 35+2
60032.96 35.7 B 0.00£0.19 095+0.19 093+0.19 45+6 1.69+0.69 3.344+0.51 3.69+0.60 3245
60003.01 5.8 V.  —-0.28£0.10 =0.17£0.10 0.324+0.10 106+8 —0.44+0.14 —1.57+£0.14 1.63+0.14 127 +2
60017.19 19.9 \Y% 0.06£0.11 0.40+0.11 0.39+0.11 417 1.19+0.20 1.284+0.20 1.734+0.20 2443
60003.01 5.8 R —-0.18+£0.07 —0.04 £0.07 0.17£0.07 96+11 —-0.63+£0.10 —1.18£0.10 1.33£0.1 121 +2
60017.19 19.9 R 0.01£0.07 0.59+0.07 0.59+0.07 45+4 0.324+0.16 2.14+0.16 2.15+0.16 41£2
60026.09 28.8 R 0.19£0.07 0.65+0.07 0.67+0.07 37+3 1.60+0.33 2.27+0.32 2.76+0.33 27+3
60032.96 35.7 R 0.17£0.10 0.59+0.10 0.61+£0.10 37&£5 29+062 3.84+0.68 4.80+£0.65 264

strength as the flow evolves (Shiokawa et al. 2015; Ryu et al. 2023;
Price et al. 2024; Steinberg & Stone 2024). This dynamic behaviour
can naturally lead to variability in the optical polarization parameters,
particularly when the shocks are embedded in less dense material or
when our line of sight is favourable for observing these shocks.

In the following text, we first check that other optical parameters
of AT 2023clx conform with that expected from a shock scenario
(Section 4.1). We then compare the evolution of the polarization
parameters of AT 2023clx to those from AT 2020mot (Section 4.2)
and note their scaled temporal similarity. We discuss the potential
evolution of the stellar stream shocks (Section 4.3), and its com-
parison to the observed from AT 2023clx. Finally, we discuss an
alternative, reprocessing model that conforms with the observed
polarization degree and its evolution (Section 4.4).

4.1 Shock scenario

To estimate parameters for the shock scenario, we follow the formula-
tion given in Ryu, Krolik & Piran (2020), assuming Mgy = 10° Mg
and M, = 0.1 My (Charalampopoulos et al. 2024). The apocentre
distance is given as

ap = 6.5 x 10*My; M?°E~ em ~ 6 x 10" cm, (4)

-

where E =~ 0.64 is a correction factor that accounts for stellar
structure and relativistic effects, depending only on the stellar and
black hole masses. The fallback time is

fo =32 x 10°Myji (MPE2s ~ 33.44, )

and the peak fallback rate is Mopax = M, /(3t9) = 0.36Mg yrfl. The
maximum rate at which the outer shock dissipates energy is

C1Lmax = 4.3 X 1043M}3_}11{2Mf/9 ORA erg s x 0.5 x 10% erg s7
(6)

where ¢; is an unknown scaling factor for the emission region.
Associating all (or part) of the estimated bolometric luminosity at
peak (Lpoy = 1.6 x 10*3 erg s~!'; Charalampopoulos et al. 2024) with
shock dissipation, we derive a lower limit for ¢; > 0.31. Conse-
quently, the size of the emission region is /Q2/4mwciap > 10" cm,
where 2 is the solid angle. We adopt 2 = 27, similar to Ryu et al.
(2020), due to the emission surface likely being somewhat flattened.
The corresponding peak blackbody temperature is

Q .\ -1/4
Toax = 2.3 x 10%c, /M5 3508 (2—) K <24000K.  (7)
’ T

All these values are consistent with observations, which show a peak
blackbody temperature of 21 5004000 K and a radius of (4.6 &
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0.6) x 10'* cm (Charalampopoulos et al. 2024). Thus, the observed
blackbody luminosity and temperature of AT 2023clx are in line what
would be expected from a shock scenario.

It is important to note that the fallback time does not necessarily
correspond to the rise time of the flare. As discussed in Charalam-
popoulos et al. (2024), the fast rise observed (e = 10.4 £ 2.5 d)
could result from the disruption of a less centrally concentrated
star, delaying the onset of emission. Interestingly, fast rises are also
seen in recent three-dimensional radiation-hydrodynamic simula-
tions, where shocks near pericentre drive the light curve evolution
(Steinberg & Stone 2024).

4.2 Comparison to AT 2020mot

The optical polarization properties of AT 2023clx closely resemble
those observed in AT 2020mot (Liodakis et al. 2023). Fig. 4 shows
the evolution of the polarization properties for both sources over
several fallback times (we aligned the peak emission to 1.5 x #p; Ryu
et al. 2020 estimate the peak emission time as 1.5 — 2.0 x fo).> The
polarization degree of AT 2023clx increases steadily (almost linearly)
from the peak emission up to ~ 2.5 x fy. At the same time, the
polarization angle changes by ~60-100°. This behaviour is identical
to that observed in AT 2020mot, where the polarization degree
began rising after 1.5 x #,, peaking around ~ 2.5 X fy. During this
period, the polarization angle changed by ~ 30°. After reaching its
peak polarization degree, the polarization of AT 2020mot decreased
beyond 3.0 x fy, while the polarization angle remained constant. For
AT 2023clx, although we do not have NOT observations during the
expected decline, there is a clear drop of the polarization degree
after 3.0 x 7y based on the spectropolarimetry presented in Uno et al.
(2025) and the MOPTOP upper limit.

The only notable difference between the optical polarization
properties of AT 2020mot and AT 2023clx is the magnitude of
the polarization degree: AT 2020mot displayed a host-corrected
peak of ~25 per cent, while AT 2023clx exhibited a maximum of
~5 per cent. This discrepancy could be attributed to line-of-sight
scattering, as AT 2023clx shows more spectral lines in its optical
spectra than AT 2020mot, suggesting the presence of additional
material that dilutes the observed polarized emission. It is possible
that, in the case of AT 2020mot, we had an unusually clear view of
the tidal stream shocks. Alternatively, the ordering of the magnetic

3Here, we rescaled the time axis as tayn = (!MID — Hdisruption)/Z0, Where
Ldisruption = Ipeak,MJD — 1.5%9, and fo is calculated according to Ryu et al.
(2020) for both systems separately.
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Figure 4. Comparison of the polarization properties of AT 2020mot (blue
squares in all panels) and AT 2023clx (red circles in all panels) along their
evolution of the fallback time (see Equation 5). Upper panel: scaled (to peak)
g-band luminosities. Middle panel: R-band polarization degree from our NOT
observations (filled symbols) and from Uno et al. (2025, open symbols).
Note that the polarization degree for AT 2020mot is not host-corrected
for comparison purposes. The line depolarization effect for AT 2020mot
is negligible (Liodakis et al. 2023). Lower panel: R-band polarization angle
from our NOT observations (filled symbols) and from Uno et al. (2025, open
symbols).

field of the shocks could be more chaotic in AT 2023clx than AT
2020mot effectively reducing the observed polarization degree.

We note that outside AT 2020mot multiple epoch polarimetry with
more than two observing epochs has not been performed for other
TDEs with the exception of AT 2022fpx (Koljonen et al. 2024).
However, this system is an extreme coronal line emitter, with very
slow outburst decay, and therefore distinct from bona fide TDEs.
Therefore, this prevents us making population-wide conclusions on
the typical optical polarimetric evolution of TDEs.

4.3 Shock evolution

Liodakis et al. (2023) explained the evolution of shocks based
on the calculations presented in Shiokawa et al. (2015) for the
tidal disruption of a white dwarf by an intermediate-mass black
hole, with extensions for higher black hole masses as discussed
in Piran et al. (2015). According to these studies, the dominant
mechanism of shock dissipation evolves over time, beginning with
the nozzle shock and later transitioning to outer shocks (reverse and
forward shocks) at approximately 2 — 3 x fy. The three-dimensional
radiation-hydrodynamic simulation by Steinberg & Stone (2024)
largely agrees with this scenario during the early stages, although
they propose rapid circularization around the time of peak emission
and highlight the significant role of stream-disc shocks rather than
stream—stream collisions.

The optical light curve of AT 2023clx also exhibits notable changes
that align with the approximate shock phases described above.
Between the peak and 2 X t, the source underwent a ‘rapid cooling’
phase (Charalampopoulos et al. 2024), characterized by a steep
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decrease in blackbody temperature and a corresponding increase
in blackbody radius. This behaviour could indicate the dominance
of outer shocks occurring at larger radii within the stellar debris.
Following this phase, the light-curve slope became more shallow,
coinciding with an increase in the polarization degree and a shift
in the polarization angle. This shallower slope may result from
enhanced dissipation caused by either outer shocks or stream—disc
shocks.

After 3 x ty, the light curve flattened further, potentially indicating
the emergence of an additional source of optical emission, possibly
associated with the onset of accretion disc emission. Indeed, X-
ray emission from AT 2023clx was detected ~100 d post-peak (or
4.4 x ty), signalling the formation of an accretion disc (Hoogendam
et al. 2024). In the shock model, the formation of the accretion disc
is expected to occur between 3 and 10 x 7y (Shiokawa et al. 2015).

4.4 Collisionally induced outflow scenario

Charalampopoulos et al. (2023) proposed a model for optical
polarization in TDEs based on the reprocessing scenario of Lu &
Bonnerot (2020). In this model, unbound shocked gas originating
from the intersection point of debris streams, offset from the
black hole, reprocesses the X-ray emission from the accretion flow
into ultraviolet and optical wavelengths. The polarization arises
from electron scattering within the stellar debris that typically
produces wavelength-independent polarization. However, we note
that in at least some observing epochs, the measured polarization is
wavelength-dependent (see Section 3; see also Uno et al. 2025).

The parameters for AT 2023clx align well with those of case B in
their model, which assumes a disrupted star mass M, = 0.1Mg and a
fallback rate of M = 0.3M,, yr~!. Simulations for this case predict a
polarization degree as high as 14 per cent, comfortably encompassing
our observed maximum of ~5 per cent. High polarization degrees in
the model are generally associated with large distances between the
black hole and the stream intersection point, small opening angles of
the intrinsic emission, and intermediate viewing angles of the system
(60°-90°). The model also predicts a rising polarization degree as the
density and optical depth of the expanding debris decrease, followed
by a decline in polarization when the optical depth becomes too low
to sustain significant electron scattering (expected at 1 = 3 X 1, in
our case).

Thus, the collisionally induced outflow model also successfully
explains both the evolution and magnitude of the polarization degree
in AT 2023clx. However, currently it does not predict polarization
angles or their evolution throughout the TDE, preventing direct
comparison with observations in this aspect. The above challenge
is also shared by other reprocessing-based scenarios.

5 CONCLUSIONS

Our observations of AT 2023clx revealed a variable polarization
degree and angle, highlighting the dynamic evolution of the emis-
sion geometry and scattering media during the optical peak and
subsequent decay. The evolution of polarization properties of AT
2023clx closely resemble those observed in AT 2020mot, supporting
the hypothesis that tidal stream shocks play a significant role in
shaping the optical emission in these events.

Future work should focus on resolving the discrepancies between
observed and predicted polarization properties, particularly the polar-
ization angle variability. High-cadence multiwavelength polarization
observations, combined with improved theoretical modelling, will
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be crucial to untangle the contributions of shocks, reprocessing, and
accretion flows in shaping the emission from TDEs.
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