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Abstract
Flares produced following the tidal disruption of stars by supermassive black holes can reveal the properties of the
otherwise dormant majority of black holes and the physics of accretion. In the past decade, a class of optical-
ultraviolet tidal disruption flares has been discovered whose emission properties do not match theoretical
predictions. This has led to extensive efforts to model the dynamics and emission mechanisms of optical-ultraviolet
tidal disruptions in order to establish them as probes of supermassive black holes. Here we present the optical-
ultraviolet tidal disruption event AT 2022dbl, which showed a nearly identical repetition 700 days after the first flare.
Ruling out gravitational lensing and two chance unrelated disruptions, we conclude that at least the first flare
represents the partial disruption of a star, possibly captured through the Hills mechanism. Since both flares are
typical of the optical-ultraviolet class of tidal disruptions in terms of their radiated energy, temperature, luminosity,
and spectral features, it follows that either the entire class are partial rather than full stellar disruptions, contrary to
the prevalent assumption, or some members of the class are partial disruptions, having nearly the same observational
characteristics as full disruptions. Whichever option is true, these findings could require revised models for the
emission mechanisms of optical-ultraviolet tidal disruption flares and a reassessment of their expected rates.
Unified Astronomy Thesaurus concepts: Black hole physics (159); Tidal disruption (1696); Black holes (162)
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times (M. J. Rees 1988; E. S. Phinney 1989). For partial
disruptions, the fallback rate can be steeper (J. Guillochon &
E. Ramirez-Ruiz 2013; E. R. Coughlin & C. J. Nixon 2019;
F. G. Goicovic et al. 2019; T. Ryu et al. 2020b), reaching o4
at late times (E. R. Coughlin & C. J. Nixon 2019). This
material is expected to form an accretion disk that emits X-ray
radiation (J. K. Cannizzo et al. 1990), as was indeed observed
(see R. Saxton et al. 2021 for a recent review of X-ray TDEs).

In the past decade, however, another class of TDEs has been
found that, surprisingly, emits mostly in the optical and
ultraviolet (S. Gezari et al. 2012; 1. Arcavi et al. 2014; see
S. van Velzen et al. 2020 for a recent review of optical-
ultraviolet TDEs). This class of events exhibits roughly
constant blackbody temperatures of a few x 10*K (1-2
orders of magnitude smaller than expected from an accretion
disk), blackbody radii of ~10'>cm (2 orders of magnitude
larger than the tidal disruption radius of a Sun-like star), total
released energies of 10°°-10°" erg (2-3 orders of magnitude
lower than the expected energy released by the accretion of a
solar mass of material at 10% efficiency; the so-called
“missing energy problem”), and broad H and/or He emission
features in their spectra (which were not predicted). Yet these
transients occur in otherwise quiescent and non-star-forming
galaxies, disfavoring extreme active galactic nucleus (AGN)
variability and massive-star explosions as their origin. More
strikingly, their rates drop dramatically (faster than the SMBH
mass function) in galaxies hosting SMBHs with masses above
10° M, (S. van Velzen 2018; Y. Yao et al. 2023), providing
“smoking gun” evidence that these transients “know” about the
SMBH event horizon. Thus, both analytical models and
numerical simulations of TDEs have tried to reconcile the
discrepancies between TDE theory and observations of
optical-ultraviolet TDEs either by invoking material to
reprocess the emission from an accretion disk (J. Guillochon
et al. 2014; N. Roth et al. 2016; L. Dai et al. 2018; B. Mockler
et al. 2019) or by associating the emission with the collision of
stellar debris streams before the accretion disk is formed
(T. Piran et al. 2015).

Adding to the puzzle, a few optical transients, all in galaxy
centers, were recently suggested to be repeating TDEs.
ASASSN-14ko (A. V. Payne et al. 2021) shows tens of flares
with a period of approximately 114 days, which slowly
decreases with time (this period decrease has been explained
using energy imparted to the surviving stellar core in the form
of rotation, which should stop once the core is roughly “tidally
locked” at pericenter; A. Bandopadhyay et al. 2024). The
optical spectra of ASASSN-14ko are not typical of optical-
ultraviolet TDEs but are more similar to those of AGN. An
alternative explanation has been proposed, in which ASASSN-
14ko is due to a star punching through an existing accretion
disk around a black hole, with the period decrease due to
hydrodynamical drag (I. Linial & E. Quataert 2024).

AT 2019aalc (P. M. Veres et al. 2024) and AT 2021aeuk
(J. Sun et al. 2025) show double flares within 3—4 yr but are
both in previously known AGN and show spectra similar to
AGN and Bowen fluorescence flares (BFFs; B. Trakhtenbrot
et al. 2019). The nature of BFFs is not yet clear, but their
occurrence in AGN (L. Makrygianni et al. 2023) suggests they
could be related to accretion disk instabilities rather
than TDE:s.

AT 2018fyk (T. Wevers et al. 2019, 2023) was seen to
rebrighten in the X-ray and ultraviolet wavelengths
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approximately 1200 days after its first flare (T. Wevers et al.
2023). However, the first flare of AT 2018fyk was atypical of
optical-ultraviolet TDEs, having a double-peak structure in its
light curve and Fe lines in its spectra. This event has also been
suggested as a possible single TDE around an SMBH binary
(S. Wen et al. 2024).

AT 2020vdq (J. J. Somalwar et al. 2025b) showed two flares
separated by 2.6 yr, discovered through a dedicated search for
repeating TDEs, with the second flare showing spectra typical of
optical-ultraviolet TDEs (J. J. Somalwar et al. 2025b).
Unfortunately, there are no published optical spectra taken
during the first flare. It has therefore not been determined
whether the first flare of AT 2020vdq was due to an unrelated
transient. Type Ia supernovae, for example, are ~50 times more
common observationally than TDEs in galaxy centers (Y. Dgany
et al. 2023), and one was indeed observed within 2 yr of the TDE
AT 2021mhg at the same position (J. J. Somalwar et al. 2025b).
In addition, for the first flare of AT 2020vdq to be a TDE, it
would need be one of the faintest and lowest-temperature TDEs
ever observed (J. J. Somalwar et al. 2025b). Even if both flares
of AT 2020vdq were indeed TDEs, it is not trivial to associate
them with the disruption of the same star, given that the two
flares differ substantially in their photometric properties and that
their spectral similarity cannot be determined. In addition, the
host galaxy of AT 2020vdq is a post-starburst galaxy. Such
galaxies have been shown to exhibit an elevated TDE rate
(I. Arcavi et al. 2014; K. D. French et al. 2016, 2020), which
could produce two unrelated flares on the observed timescales at
a nonnegligible probability (as we show in Section 5.2.2).

AT 2022dbl (I. Arcavi 2022; K. Z. Stanek 2022) is an
otherwise “standard” optical-ultraviolet TDE with a nearly
identical repetition 700 days after the first flare (Y. Yao et al.
2024). Both of the flares are very similar photometrically and
nearly identical spectroscopically, such that J. T. Hinkle et al.
(2024) and Z. Lin et al. (2024) claim (after ruling out an AGN
origin) that both flares are due to the repeated disruption of the
same star. However, the similarity between the flares could, in
principle, be driven by the SMBH, with the two disruptions
being of unrelated stars. In addition, the host of AT 2022dbl is
a quiescent Balmer-strong galaxy. Such galaxies also show an
elevated TDE rate. Albeit lower than the TDE rate enhance-
ment seen in post-starburst galaxies (K. D. French et al.
2016, 2020), this specific galaxy was preselected as a potential
TDE host due to its quiescent Balmer-strong properties
(K. D. French & A. 1. Zabludoff 2018). It remains to be
shown how likely it is to observe two unrelated flares from
such a galaxy on the observed timescales in order to securely
determine the nature of AT 2022dbl.

Here, we present new observations and analysis of
AT 2022dbl and a new analysis of its host galaxy, as well as
of the host galaxy of AT 2020vdq. Our results securely
establish AT 2022dbl as the first robust case of a repeating
“normal” optical-ultraviolet TDE. We further discuss the far-
reaching implications of this conclusion on the entire class of
optical-ultraviolet TDEs.

2. Discovery and Classification

On 2022 February 17 (UT used throughout), we identified
ZTFl18aabdajx in the Zwicky Transient Facility (ZTF;
E. C. Bellm et al. 2019) alert stream as a potential TDE after
a significant brightening was detected on 2022 February 13
(MIJID = 59623.37) using search criteria tailored to find TDEs
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(Y. Dgany et al. 2023). The event is located at the center of the
z = 0.0284 galaxy WISEA J122045.05+493304.7, which, as
mentioned above, was preselected as a potential TDE host due
to its quiescent Balmer-strong properties (K. D. French &
A. 1. Zabludoff 2018), similar to those of other TDE host
galaxies (I. Arcavi et al. 2014; K. D. French et al. 2016, 2020).
We consider the two r-band detections at the same position by
ZTF in 2018, which were reported to the Transient Name
Server (TNS) and received the name AT 2018mac, as due to
image-subtraction artifacts. AT 2022dbl was spectroscopically
classified on 2022 February 21 as a member of the optical-
ultraviolet TDE class (I. Arcavi et al. 2022). On 2022 February
22, the event was reported (K. Z. Stanek 2022) to the TNS
following an independent detection by the All-Sky Automated
Survey for Supernovae (B. J. Shappee et al. 2014), and it
received the name AT 2022dbl. A second flare of AT 2022dbl
was reported to the TNS (Y. Yao et al. 2024) on 2024
February 6.

3. Observations
3.1. Optical, Ultraviolet, and Mid-infrared Photometry

We obtained optical photometry in the BVgri bands starting
on MJD 59632 with our own program on the Las Cumbres
Observatory global network of 1 m telescopes (T. M. Brown
et al. 2013). We obtained reference images from Las Cumbres
Observatory on MJD 59951, approximately 1 yr after the first
flare was detected. After the detection of the second flare, we
restarted the follow-up of the event on MJD 60473. We used
the LCOGTSNPIPE image-subtraction pipeline (S. Valenti et al.
2016) in order to remove host-galaxy emission. The pipeline
generates the point-spread function (PSF) for each image and
uses an implementation of the High Order Transform of PSF
ANd Template Subtraction (A. Becker 2015) to perform image
subtraction and then PSF photometry at the source position. B-
and V-band photometry were calibrated to the Vega system
using the American Association of Variable Star Observers
Photometric All-Sky Survey catalog (A. A. Henden et al.
2016), while gri-band photometry was calibrated to the AB
system using the Sloan Digital Sky Survey (SDSS) Data
Release (DR) 14 catalog (B. Abolfathi et al. 2018).

We further retrieved PSF-fit photometry of reference-
subtracted images from the ZTF forced photometry service
between MJD 58194 and 60422 and from the Asteroid
Terrestrial-impact Last Alert System (ATLAS; J. L. Tonry
et al. 2018) forced photometry service between MJD 57232
and 60438 at the position of AT 2022dbl. The last predis-
covery nondetection upper limits at the position of AT 2022dbl
were obtained by ZTF approximately 100 days before the first
detection with 30 nondetection limits of 20.8 mag in the r band
and 20.7 mag in the g band.

Target-of-opportunity observations (PIs: Arcavi, Makry-
gianni, Jiang, Hammerstein, and Lin) were obtained with the
Neil Gehrels Swift Observatory (hereafter Swift; N. Gehrels
et al. 2004) Optical/Ultraviolet Telescope (UVOT;
P. W. A. Roming et al. 2005). In total, 81 epochs of imaging
were obtained, spanning from MJD 59637 to 60470, in all six
UVOT filters (UVW2, UVM2, UVWI, U, B, and V). We
extracted photometry from the UVOT images using the
HEAsoft software package (Nasa High Energy Astrophysics
Science Archive Research Center Heasarc 2014) and the
standard analysis task uvotsource. We performed aperture
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photometry using a 5” aperture for the source and a 25”
aperture for the background. We subtracted the host fluxes
obtained using observations from 2023 March 9, which is
during the quiescent phase between the two flares, from all
other epochs.

The location of AT 2022dbl was observed by the Transiting
Exoplanet Survey Satellite (TESS; G. R. Ricker et al. 2015) in
sectors 22, 48, 49, 75, and 76. Sector 22 in Cycle 2 covers the
period from MJD 58897 to 58926, i.e., 2 yr before the first
flare. Sectors 48 and 49 in Cycle 4 cover MJD 59607 to 59664,
which coincides with the first flare. Sectors 75 and 76 in Cycle
6 cover MJD 60339 to 60395, which coincides with the second
flare. The position of AT 2022dbl in sector 75 is too close to
the edge of the imaging array to obtain valid flux calibration;
therefore, data from this sector were not used. We processed
the TESS data using image subtraction and forced PSF
photometry (M. M. Fausnaugh et al. 2021). We used a
customized version of the ISIS pipeline (C. Alard &
R. H. Lupton 1998) to perform image subtraction for the
science images within each sector with reference images built
from the 20 lowest background images in the first 7 days of the
sector (as cross-sector subtractions are not possible). We used
the quiescent phase at the start of sector 48 (before the first
flare) to determine the zero level of the flux from the mean of
the photometry and the typical flux errors from the scatter of
the photometry during this epoch. We treated any subsequent
flux level that is below 3 times this scatter as a nondetection.
Since the first 7 days of sector 49 included TDE light,
subtracting their photometry from the photometry of the rest of
the sector causes an underestimation of the TDE luminosity.
Unfortunately, we found the background levels at the end and
start of each sector to be too high to extract photometry from
those epochs. This leads to gaps in the TESS light curve and
prohibits scaling any oversubtracted sector to the sector before
it. We therefore were unable to fully calibrate the TESS
photometry, and we do not use it for any modeling purposes.
We present it here only for completeness.

We queried the NASA/IPAC Infrared Science Archive®
for mid-infrared (MIR) detections within 5” of the ZTF-
determined position of AT 2022dbl. This position has been
visited approximately twice a year by NEOWISE-R (A. Mai-
nzer et al. 2011, 2014) since MJD 56803. We rebinned the
measurements available for each visit (using a weighted mean)
into one representative measurement per year per band. We
estimated the host-galaxy MIR flux and its uncertainty as the
average and variance (respectively) of all pre-TDE epochs, and
then we subtracted it from all observations. We found no
significant MIR activity out to ~2 yr after the first peak at the
30 level.

All of our photometry is presented in Figure 1 and Table 1.
The Las Cumbres B- and V-band photometry is presented in
the Vega system, and all other photometry is in the AB system.

3.2. Optical Spectroscopy

We obtained optical spectroscopy of AT 2022dbl using our
program on the FLOYDS spectrograph (D. J. Sand et al. 2011)
mounted on the robotic 2m Faulkes Telescope North at
Haleakala, Hawaii, which is part of the Las Cumbres
Observatory network. FLOYDS covers the 3500-10000 A
range in a single exposure by capturing two spectral orders

2 https:/ /irsa.ipac.caltech.edu /frontpage/
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Figure 1. Optical and ultraviolet host-subtracted light curves of AT 2022dbl normalized to each peak time and shifted in magnitude for clarity (both flares are shifted
by the same amount per band; top). Both flares are very similar to each other in the optical bands and show some differences in the ultraviolet. No earlier flares were
detected in the ~1500 days preceding the first flare (bottom). Error bars denote 1o uncertainties, and triangles denote 30 nondetection upper limits.

simultaneously, with a spectral resolution of R ~ 500 using a
slit width of 2”. The spectra were reduced with a custom data
reduction pipeline®* built with the IRAF-free PYTHON-based
ASPIRED toolkit (M. C. Lam & R. J. Smith 2022; M. C. Lam
et al. 2023). Standard data reduction procedures were
applied to trace and then optimally extract the spectral
information (K. Horne 1986). Wavelength calibration was
performed using the built-in calibrator powered by RASCAL
(J. Veitch-Michaelis & M. C. Lam 2020, 2021). Standard stars

24 hitps: //github.com/cylammarco/FLOYDS_pipeline

from the same night were used for flux calibration when
available; otherwise, standard stars observed closest in time to
the science observations were used. Finally, atmospheric
extinction and telluric absorption were removed. We obtained
five additional optical spectra with the Intermediate Dispersion
Spectrograph mounted on the 2.54 m Isaac Newton Telescope
at La Palma, Spain, under the Gravitational-wave Optical
Transient Observer (D. Steeghs et al. 2022) Fast Analysis and
Spectroscopy of Transients program. The spectra were
obtained using the RED+2 detector with the R150V grism
with a resolution of R ~ 600 at 4500 A. The data were reduced
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Table 1
AT 2022dbl Photometry

MJID Filter Magnitude Error Source
59532.52 g >20.70 ZTF
59550.47 g >20.91 ZTF
59623.33 g 18.13 0.03 ZTF
59630.42 g 17.21 0.01 ZTF
59637.37 g 17.02 0.01 ZTF
59639.32 g 17.02 0.01 ZTF
59671.43 g 18.06 0.02 ZTF
59674.38 g 18.23 0.03 ZTF
59729.90 r 19.93 0.13 Las Cumbres
59733.90 r 20.51 0.19 Las Cumbres
59737.90 r 20.01 0.18 Las Cumbres
59750.00 r 20.57 0.18 Las Cumbres
59632.40 i 17.26 0.16 Las Cumbres
59642.30 i 17.86 0.14 Las Cumbres

Note. Upper limits denote 30 nondetections.

(This table is available in its entirety in machine-readable form in the online
article.)

using a custom recipe for the Pypelt spectral reduction pipeline
(J. X. Prochaska et al. 2020). We obtained two additional
optical spectra with the Alhambra Faint Object Spectrograph
and Camera mounted on the Nordic Optical Telescope at La
Palma, Spain, using the Gr4 grism and 1” slit (resulting in a
spectral resolution of R ~ 300). These spectra were reduced
using the PyNOT-spex pipeline. We present all spectra in
Figure 2.

3.3. X-Ray Observations

X-ray observations with the X-Ray Telescope (XRT;
D. N. Burrows et al. 2005) on Swift were obtained
simultaneously with the UVOT observations. Using XIMAGE
to process the Swift/XRT images, we found no significant
X-ray detection at the position of AT 2022dbl. We then used
XIMAGE to calculate the corresponding flux upper limits for
each of the XRT epochs, using a circular aperture with a radius
of ~47" centered on the (optical) position of AT 2022dbl (we
verified that no neighboring X-ray sources are detected within
that aperture). Using ny = 1.94 x 10°° cm 2, we derive 30
upper limits for the absorbed flux across all epochs in the range
of 1.1 x 107" ergem s to 1.2 x 10 Zergem s,
which corresponds to L(0.2-10keV) < 2.0 x 10" erg s,
Combining all epochs of the Swift XRT data (~31ks
exposure), we still do not detect any significant X-ray emission
and set a 3¢ upper limit of 1.4 x 10" ergem 25!, which
corresponds to L(0.2-10keV) < 2.6 x 10*ergs™".

3.4. Radio Observations

We observed the position of AT 2022dbl using the Karl G.
Jansky Very Large Array (VLA) under programs 21A-184 and
22A-163 (PI: Horesh). Our VLA observations were carried out
on MJDs 59636, 59800, and 60152 using the S, C, X, and Ku
bands. The VLA was in the BnA—A configuration during the
first observation, the D configuration during the second
observation, and the A configuration during the third
observation. Automatic flagging and calibration of the data
were conducted with the VLA calibration pipeline. We used
3C 286 as a primary flux calibrator and J1219+4829 as a
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Figure 2. Our full spectral series of AT 2022dbl together with the host-galaxy
spectrum from SDSS. Lines that characterize various subtypes of optical-
ultraviolet TDEs are marked. Phases are noted in days relative to the peak
luminosity of the first flare.

phase calibrator. Images of the field of AT 2022dbl were
produced with the CASA tCLEAN task in an interactive mode.
When a source was detected at the phase center, we fitted it
with the CASA task IMFIT, and the image rms was calculated
using the CASA task IMSTAT. We estimate the error of
the peak flux density to be a quadratic sum of the error
produced by the CASA task IMFIT and a 10% calibration
error. We detected radio emission consistent with the
position of AT 2022dbl, which we present in Figure 3 and
Table 2.

We also carried out multiple observations in the 15.5 GHz
band with the Arcminute Micro-Kelvin Imager—Large Array
(AMI-LA; J. T. L. Zwart et al. 2008; J. Hickish et al. 2018)
from shortly after optical discovery until more than 700 days
later. Initial flagging and reduction were conducted using
reduce dc, a customized AMI-LA data reduction software
package (Y. C. Perrott et al. 2013). We use the same primary
flux phase calibrators as above. Images of the field of
AT 2022dbl were produced with the CASA CLEAN task in
an interactive mode, and the image rms was calculated using
the CASA task IMSTAT. These observations were less
sensitive than our VLA observations and resulted in null
detections. Our 3¢ upper limits for the emission from
AT 2022dbl are provided in Table 2.
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Figure 3. Radio spectra at three different epochs (left; denoted in days since
optical discovery) and the 15.5 GHz light curve (right) of AT 2022dbl, with
dashed vertical lines marking the spectral epochs. Error bars denote lo
uncertainties, and triangles mark 3¢ nondetection upper limits.

4. Analysis
4.1. Optical and Ultraviolet Photometric Analysis
4.1.1. Peak Time, Blackbody, and Decline Rate

We fit a second-degree polynomial around the r-band peak
of each flare to determine a peak luminosity time of MJD
59639.67 £ 1.16 for the first flare and MJD 60350.92 + 1.09
for the second flare. This gives a time difference of
711.25 £ 1.59 days between peaks.

We fit a blackbody to the ZTF (g and r), ATLAS (c and o),
Las Cumbres (g, r, i, B, and V), and Swift ultraviolet
photometry for each epoch in which we have Swift data
(linearly interpolating neighboring optical epochs) using
SUPERBOL (M. Nicholl 2018). We exclude epochs without
Swift data given the systematic uncertainties introduced when
fitting hot blackbodies without ultraviolet observations
(I Arcavi 2022).>> We then calculate the bolometric
luminosity by integrating each observed spectral energy
distribution, with the missing flux outside the observed bands
taken under the assumption of a blackbody with the best-fit
parameters. Our results are presented in Figure 4 and Table 3.
The best-fit temperature and resulting bolometric luminosities
of both flares, as well as their evolution in time, are typical of
TDEs, while the blackbody radii are on the low end of the
known sample. The second flare peak bolometric luminosity is
approximately 4 times fainter than that of the first flare. The
bolometric peak luminosity of the first (second) flare is =500
(210) times brighter than the per-epoch X-ray nondetection
limits and 23700 (=80) times brighter than the stacked X-ray
nondetection limit. These values are consistent with black-
body-to-X-ray luminosity ratios observed in other TDEs
(M. Guolo et al. 2024).

We fit the postpeak bolometric light curve (i.e., the
luminosity L versus time #) of each flare with a power law
of the form L = Ly[(t — ty)/7]"“ and an exponential decay of
the form L = Loe*’/ ". For the first flare, we perform the
power-law fit twice, once with #, as a free parameter and once
with 7, fixed to 33.7 days before peak (the fallback time of the
most bound debris obtained from fitting the light curve with a
reprocessing emission TDE model; see below). Ly and 7 are
strongly degenerate and hence are not constrained individu-
ally. Here we focus on the power law «, which has the most
value in constraining physical scenarios. Our best-fit results

= Unfortunately, before peak, there are not enough data, even in the optical
alone, to constrain the blackbody parameters.
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Table 2
AT 2022dbl Radio Observations
MJD Frequency F, Error Source
(GHz) (mly) (mly)
59627 3 <0.033 0.011 VLA:BnA—A
59627 6 <0.02 0.006 VLA:BnA—A
59627 10 <0.02 0.006 VLA:BnA—A
59627 15 0.032 £ 0.004 0.006 VLA:BnA—A
59633 15.5 <0.17 0.058 AMI-LA
59646 15.5 <0.11 0.036 AMI-LA
69677 15.5 <0.18 0.059 AMI-LA
59690 15.5 <0.16 0.054 AMI-LA
59790 3 0.16 £ 0.02 0.020 VLA:D
59790 6 0.16 = 0.02 0.015 VLA:D
59790 10 0.10 £ 0.01 0.009 VLA:D
59790 15 0.085 £ 0.010 0.015 VLA:D
59854 15.5 <0.10 0.032 AMI-LA
59907 15.5 <0.10 0.032 AMI-LA
59989 15.5 <0.10 0.033 AMI-LA
60142 3 0.061 £ 0.007 0.009 VLA:A
60142 6 0.039 £ 0.006 0.006 VLA:A
60142 10 <0.02 0.006 VLA:A
60142 15 <0.021 0.007 VLA:A
60176 15.5 <0.14 0.045 AMI-LA
60344 15.5 <0.17 0.057 AMI-LA
60373 15.5 <0.15 0.049 AMI-LA
60390 15.5 <0.09 0.030 AMI-LA

Note. Upper limits denote 30 nondetections.

are presented in Figure 4 and Table 4. The data are better
described by a power law than an exponential, with the first
flare decline preferring o = 2.6-2.7, steeper than the canonical
a = 5/3 power law for the mass fallback rate of a full
disruption (M. J. Rees 1988; E. S. Phinney 1989). Such a steep
decline has been seen in a few optical-ultraviolet TDEs (e.g.,
M. Nicholl et al. 2020; P. Charalampopoulos et al. 2023) and is
close to the expected values for partial disruptions (e.g.,
E. R. Coughlin & C. J. Nixon 2019). The decline rate of the
second flare is more difficult to constrain given the available
data. For fixed #; at 44.65 days before peak (estimated in the
same way as for the first flare), the fit is consistent with a
canonical o = 5/3 decline, but it is not possible to determine if
this is part of a broad peak that later settled to a steeper
decline. We were not able to obtain any constraining fits using
a free 1, for the second flare.

4.1.2. Analytical TDE Models

We use the Modular Open Source Fitter for Transients
(MOSFIT; J. Guillochon et al. 2018) to fit the multiband light
curves of AT 2022dbl with a TDE emission model (B. Mockler
et al. 2019) that assumes a mass fallback rate derived from
simulated disruptions (J. Guillochon et al. 2014) of polytropic
stars by a black hole of 10° M. This model then uses scaling
relations and interpolations for a range of black hole masses,
star masses, and encounter parameters. The free parameters of
the model are the mass of the black hole, Mgy, and star, m,; the
scaled impact parameter b (which is defined in such way that
b = 0 corresponds to no disruption, while b > 1 corresponds to
a full disruption); the efficiency e of converting accreted mass to
energy; the unitless normalization and power-law index, Ryn
and [, respectively, connecting the radius to the instantaneous
luminosity; the viscous delay time T, (the timescale for matter
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Figure 4. AT 2022dbl best-fit blackbody radius, temperature, and resulting
bolometric luminosity (top to bottom panels; black filled and open markers for
the first and second flares, respectively). The temperature and luminosity are
within the range of a comparison sample of TDEs (S. van Velzen et al. 2020;
gray), while the radius is on the lower end of the sample. Fits to the postpeak
decline of the bolometric luminosity are also shown (bottom panel). Error bars
denote 1o uncertainties and are shown only for AT 2022dbl for clarity.

to circularize and/or move through the accretion disk), which
acts approximately as a low-pass filter on the light curve; the
time of first fallback, fy; the extinction, proportional to the
hydrogen column density ny in the host galaxy; and a white-
noise parameter, 0. We use the nested sampling method
implemented through DYNESTY (J. S. Speagle 2020), as
appropriate for complex posteriors in high-dimensional
parameter spaces. We list the prior distributions for the
parameters along with the posteriors in Table 5. The light-
curve fits are presented in Figure 5, and the two-dimensional
posterior distributions are presented in Figure 6. We find
that the first (second) flare of AT 2022dbl is best described
by the disruption of an my = 0.1034709531 4 0.6600 M.,
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(my = 0371030 £ 0.66 M) star by a black hole of
mass log(Mp/ M) = 6.6987 00 £ 0.200 (log(Mn/ M.)=
6.637010 +0.20, statistical and systematic uncertainties
(B. Mockler et al. 2019) reported. There is a strong degeneracy
between the stellar mass and efficiency parameter in this model
(B. Mockler & E. Ramirez-Ruiz 2021). The derived parameters
are consistent between both flares, and the black hole mass
estimate is also consistent with the value found from the
galaxy scaling relation described below. The best scaled
impact parameter of the first (second) flare is b =
09841094 + 0350 (b = 1.15779938 + 0.350). While the
scaled impact parameter of the second flare is more consistent
with a full disruption, the posterior for the first flare spreads both
below and above 1 (Figure 6), meaning that it is consistent with
both a full and partial disruption. The difference in the
photospheric radius normalization factor Ry, between flares
is likely due in large part to the difference in bolometric
luminosities and does not result in large differences in the actual
photospheric radius determined by MOSFiT, which varies by a
factor of <2 between flares.

To estimate the black hole and stellar masses based on the
stream collision scenario (T. Piran et al. 2015; Y.-F. Jiang et al.
2016), we use the TDEMass package (T. Ryu et al. 2020a). This
package fits the mass of the black hole and the disrupted star to
the peak bolometric luminosity and the temperature at this time.
For the first (second) flare, we find a stellar mass of
my = 0.87753¢ (my = 0.407033) and a black hole mass of
log(Mgu/M.) = 6.001050 (log(My/M.) = 5.54735%). Again,
both flares are consistent with each other, and the black hole
mass is consistent with the one derived from the galaxy scaling
relation described below.

4.1.3. Numerical TDE Model

As illustrative cases, we repeat the hydrodynamical
simulations of A. Bandopadhyay et al. (2024) for two
scenarios. The first is the repeated partial disruption of a
3 M., evolved star (we do not consider more massive stars
given the stellar population age of the host galaxy; see below)
by a 10° M, black hole, for which the binding energy of the
star to the black hole was chosen such that the orbital period of
the star was ~700 days and its pericenter radius was equal to
R,. The second simulation is of the disruption of a 1 M, star at
the zero-age main sequence by a 10° M, black hole with a
pericenter of ~R,/1.4.

We use the smoothed particle hydrodynamics code PHAN-
TOM (D. J. Price et al. 2018) to simulate the repeated partial
disruption of two stars, a 3 M, evolved star and a 1 M, zero-
age main-sequence star, by a 10° M, black hole. Using the
stellar evolution code MESA (B. Paxton et al. 2011), we evolve
the stars along the main sequence. The density profiles of the
stars are then mapped onto a three-dimensional particle
distribution in PHANTOM and relaxed for ~five sound-crossing
times across the stellar radius (E. C. A. Golightly et al. 2019).
We use a resolution of 10° particles to model the stars. The
center of mass of the star is placed on a bound orbit around the
black hole with an orbital period of 700 days and a pericenter
distance of R, ~ R, for the 3 M, star and R, ~ R,/1.4 for the
1 M, star. The resulting mass fallback rates from the
simulations are shown in Figure 7. Both scenarios are
consistent with the bolometric light curves of AT 2022dbl,
assuming the bolometric light traces the mass fallback rate.
More details can be found in A. Bandopadhyay et al. (2024).
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Table 3
AT 2022dbl Best-fit Blackbody Parameters

Phase Temperature Error Radius Error Luminosity Error
(days) (10* K) (10* K) (10" cm) (10" cm) (10% ergs™") (10%¥ ergs™")
0.0 3.31 0.88 3.29 0.80 9.48 8.56
3.112 2.69 0.60 3.71 0.85 5.51 3.61
4.979 2.84 0.63 3.64 0.80 6.38 435
11.688 3.20 0.94 2.81 0.77 6.10 591
12.651 3.38 1.36 2.47 0.89 5.93 8.00
17.056 2.45 0.40 3.24 0.57 2.84 1.28
22.588 2.80 0.64 2.62 0.59 3.14 2.16
24.981 2.92 0.79 2.44 0.65 3.18 2.71
26.848 2.55 0.54 2.69 0.59 2.30 1.36
27.363 2.52 0.55 2.69 0.62 221 1.33
32.196 2.58 0.50 2.52 0.50 2.07 1.13
36.785 2.47 0.65 2.17 0.61 1.36 9.49
44.905 2.20 0.38 2.04 0.42 0.73 0.31
51.867 2.02 0.49 1.85 0.53 0.49 0.23
54.249 2.51 0.79 1.48 0.49 0.70 0.57
69.623 2.18 0.37 1.64 0.32 0.47 0.19
78.51 2.51 0.87 1.10 0.40 0.40 0.35
81.476 2.73 0.63 1.06 0.25 0.47 0.32
86.698 2.19 0.52 1.24 0.34 0.29 0.15
88.779 2.15 0.44 1.30 0.32 0.29 0.14
91.803 2.36 0.58 1.16 0.32 0.32 0.20
96.587 2.29 0.60 1.13 0.33 0.26 0.17
101.663 2.00 0.71 1.10 0.48 0.18 0.12
102.509 2.01 0.57 1.19 0.41 0.21 0.11
105.718 1.96 0.46 1.16 0.33 0.153 0.075
111.017 2.65 0.98 0.84 0.32 0.28 0.28
115.714 243 0.68 0.86 0.26 0.21 0.15
121.908 2.09 0.53 0.91 0.28 0.132 0.070
125.583 2.33 0.63 0.87 0.26 0.18 0.12
677.762 2.01 0.32 2.83 0.55 0.99 0.34
680.212 2.05 0.37 2.82 0.62 1.10 0.43
683.917 2.15 0.35 2.90 0.56 1.34 0.53
689.634 1.80 0.27 3.58 0.70 1.09 0.29
695.449 2.14 0.40 2.89 0.63 1.31 0.58
701.41 2.34 0.56 2.63 0.69 1.60 0.98
704.045 2.70 0.81 2.27 0.69 2.10 1.80
710.657 2.18 0.38 2.63 0.54 1.21 0.50
715.772 2.44 0.77 2.08 0.74 1.18 0.99
718.466 2.33 0.48 2.16 0.51 1.06 0.57
757.974 2.37 0.68 1.18 0.37 0.36 0.25
763.292 2.83 0.43 1.15 0.18 0.63 0.30
766.307 2.73 0.58 1.13 0.25 0.54 0.34
771.237 2.46 0.34 1.29 0.20 0.46 0.18
776.031 3.97 1.62 0.72 0.25 0.97 1.40
780.883 2.88 0.70 0.98 0.24 0.50 0.37
790.286 2.62 0.40 0.97 0.16 0.34 0.15
800.01 2.07 0.42 1.11 0.28 0.167 0.080

Note. Phase is given in days relative to the first bolometric peak.

In the first simulation, nearly identical mass fallback rates
are produced for both flares (and predicted for a third flare; top
panel of Figure 7). In the second simulation, the first encounter
produces a rapidly declining mass fallback rate, while the
second encounter produces a slightly lower mass fallback peak
and subsequently slower decay (bottom panel of Figure 7).
Both scenarios are consistent with the shape of the bolometric
light curve of each flare (Figure 7), though the similarity in the
spectral features of the flares (see below) is hard to explain if
the two disruptions are significantly different from each other.

These simulations are not fits to the data but are presented as
illustrative cases that explore the effect of varying the stellar

structure and the pericenter distance on the mass fallback rates
from a star on a bound 700 day orbit around a 10° M, black
hole. They are shown with the data only to compare global
behavior (such as timescales and decline rates) under the
assumption that the fallback of stellar debris onto the black
hole is the primary driver of TDE emission. Fitting the
observed light curves with the simulated fallback rates would
require an exhaustive set of numerical simulations that
explores not only the effect of varying stellar structure but
also other parameters such as the SMBH mass, orbital
eccentricity, and pericenter distance, which is beyond the
scope of this work. In addition, it would require a more precise
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Table 4
AT 2022dbl Bolometric Decline Best-fit Parameters
Model Parameters
Flare 1

Power law (fixed #p = —33.70) a=-271+0.10
7 unconstrained

Lo unconstrained

a=—-2.62+ 045
7 unconstrained
to = —34.51 £ 11.82
Ly unconstrained

Power law (free ty)

T=34.10 + 2.44
Lo = (3.72 £ 0.56) x 10%3

Exponential

Flare 2

Power law (fixed 1, = —44.65) a=—170 +0.25
7 unconstrained

Lo unconstrained

T =50.63 £ 6.02
Lo = (149 £ 0.22) x 104

Exponential

Note. 7 and 7, are given in days and Lo in ergs™ .

connection between the mass fallback rate and the emission,
which is an open problem in TDE physics.

4.2. Spectroscopic Analysis

We identify three main broad emission features in the
spectra of AT 2022dbl (Figure 2). The first, around 4100 A, we
attribute to NI AM097,4103, possibly from the Bowen
fluorescence mechanism (I. S. Bowen 1928; H. Netzer et al.
1985), as seen in other optical-ultraviolet TDEs (N. Blagoro-
dnova et al. 2019; G. Leloudas et al. 2019). As argued
previously (G. Leloudas et al. 2019), an association with H¢ is
less likely given a lack of (or very weak) H~. Next, there is a
very broad (and likely blended) feature from ~4300 A to
~5000 A that encompasses H3, He I1 A4686, and N 11T A\4640.
Last is the broad feature corresponding to Ha. In addition,
possible weak broad He I emission at 5876 A can be seen after
host and continuum subtraction (see below). These features
classify AT 2022dbl as a “Bowen TDE” (S. van Velzen et al.
2020). We identify these features during both the first and the
second flare, which exhibit nearly identical spectra.

In Figure 8, we compare the spectrum of AT 2022dbl near
the peak of its first flare to the near-peak spectra of the Bowen
TDEs ASASSN-14li (T. W. S. Holoien et al. 2016), iPTF15af
(N. Blagorodnova et al. 2019), iPTF16axa (T. Hung et al.
2017), iPTF16fnl (N. Blagorodnova et al. 2017; F. Onori et al.
2019), AT2017eqx (M. Nicholl et al. 2019), AT 2018dyb
(G. Leloudas et al. 2019), AT 2019dsg (G. Cannizzaro et al.
2021), and AT2019qiz (M. Nicholl et al. 2020). While
different events show different line profiles, the main features
(namely, broad Balmer series, He Il and N IIT emission lines)
are common to all events.

We further analyze the spectra using a standard procedure
(P. Charalampopoulos et al. 2022), which includes scaling the
spectra to the gri-band photometry, correcting for Milky Way
extinction, subtracting the host-galaxy spectrum from each
TDE spectrum, and removing the continuum by fitting line-
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free regions (3800-3900 A, 4300-4400A, 5100-5500 A,
6000-6300 A, and 7100-7300 A) with a fourth- -degree poly-
nomial. As the emission lines in the blue part of the spectrum
are likely a blend of various species, we focus our spectro-
scopic analysis on the Ha emission line. We use the LMFIT
package to fit the line with a Gaussian profile and calculate the
total integrated flux of the Gaussian and its full width at half-
maximum (FWHM) for each spectrum. The uncertainties for
the flux and line width are the 1o uncertainty from the least-
squares method used for the fitting.

We present the results in Figure 9 and compare them with a
similar analysis performed by M. Nicholl et al. (2020) and
P. Charalampopoulos et al. (2022, 2023) for the well-sampled
Bowen TDEs ASASSN-141i (T. W. S. Holoien et al. 2016),
iPTF15af (N. Blagorodnova et al. 2019), iPTF16axa (T. Hung
et al. 2017), iPTF16fnl (N. Blagorodnova et al. 2017; F. Onori
et al. 2019), AT 2017eqx (M. Nicholl et al. 2019), AT 2018dyb
(G. Leloudas et al. 2019), and AT 2019qiz (M. Nicholl et al.
2020), as well as the non-Bowen but rapidly declining TDE
AT 2020wey (P. Charalampopoulos et al. 2023). AT 2022dbl
has the weakest measured Ho emission luminosity and lowest
FWHM in the sample, perhaps representing a transition
between H-rich and H-poor TDEs. The Ha feature evolves
similarly in both AT 2022dbl flares, compared to the spread in
the comparison sample.

We find a time lag between the peak of the Ha luminosity
(determined using the brightest point) and that of the g-band
light curve of ~5.6 4 0.4 days and ~4.8 + 2.1 days for the first
and second flares, respectively. This timescale corresponds to a
light travel distance of (1.2-1.5) x 10'¢ cm, which is 2 orders
of magnitude larger than the blackbody radius of AT 2022dbl
(where the continuum emission is formed). Similar results
were found for other TDEs (P. Charalampopoulos et al. 2022).

4.3. Radio Analysis

The early radio emission observed with the VLA 4 days
after optical discovery of the first flare revealed a faint
0.03 mJy source in the Ku band and null detections in the S, C,
and X bands (left panel of Figure 3). The second spectrum
obtained 167 days after optical discovery showed an optically
thin emission at frequencies higher than 6 GHz and a possible
transition to the optically thick regime around 3 GHz, with a
peak flux of ~0.16 mJy. Finally, the last broadband spectrum,
obtained 519 days after optical discovery, revealed optically
thin emission at low frequencies (3—6 GHz) and null detections
at higher frequencies, suggesting an optically thin spectrum at
all GHz frequencies. The 15.5 GHz light curve obtained with
the AMI-LA resulted in multiple null detections from 10 days
to ~2yr after optical discovery at a 30 upper limit of
0.1-0.2 mJy (right panel of Figure 3).

Under an equipartition analysis (R. Barniol Duran et al.
2013), and using the lowest-frequency observed 167 days after
optical discovery as an estimation of the peak flux density, we
next estimate the physical parameters of the shock and its
environment at that time. We assume that the spectral peak
frequency is the synchrotron self- absorptlon frequency to
estimate a radius for the emitting reglon of ~2 x 10'®cm and
a minimal total energy of ~3 x 10*7 erg, respectively. Here we
used €, = eg = 0.1 (where €. and ep are the fractions of energy
deposited in the relativistic electrons and the magnetic fields,
respectively), an area filling factor of f4 = 1, a volume filling
factor of fy = 4/3, and an electron power-law index of p = 2.5.
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Table 5

AT 2022dbl Best-fit MOSFiT Parameters and Priors Used
Parameter Prior Range Best-fit Flare 1 Best-fit Flare 2 Systematic Error Unit
Mgy Log [10°, 10%] 6.6987937¢ 6.6297 5449 +0.20 M,
sy Kroupa [0.01, 100] 0.1034739421 0.375939 +0.66 M,
b Flat [0,2] 0.98479%3 115740938 +0.35
€ Log [0.005, 0.4] —1.347%18 —2.1379% +0.68
Rpno Log [1074, 104 0.647013 0.127913 +0.40
Lon Flat [0, 4] 1.80519 1085018 +0.20
T, Log [1073, 10%] —1.4371% —2.31%0%2 +0.10 days
fo Flat [—150, 0] —11.94+187 —10.2613% +15 days
L host Log [10'°, 107 209220933 20.964+09% cm™2
o Log [107%, 107 —0.47210018 —0.6837093]

Note. Best-fit results are the median of each posterior distribution, and the uncertainties are the 16th and 84th percentiles. These error estimations do not include the
systematic uncertainties estimated for MOSFiT (B. Mockler et al. 2019), shown in a separate column. “Log” in the Prior column denotes a log-uniform distribution
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Figure 5. Reprocessed accretion emission MOSFiT model fits to the first (top)
and second (bottom) flares of AT 2022dbl.

Assuming free expansion of the forward shock, we find a
shock velocity of ~13,000kms™'. We estimate the external
density to be ~70cm > by dividing the number of emitting
electrons by 4V, where V is the volume of the emitting region
(a factor of 4 is needed to account for the shock jump
conditions; R. Barniol Duran et al. 2013).

Since the transition to the optically thick regime is not
observed, the analysis above should be taken with care as the
uncertainties on the spectral peak are large. The spectrum
obtained 167 days after discovery is the only one exhibiting the
spectral peak; therefore, we do not use other spectra to
estimate the physical parameters. However, the spectrum
obtained 4 days after optical discovery shows optically thick
emission at 15.5 GHz and therefore a spectral peak at higher
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frequencies, and the spectrum at 519 days shows optically thin
emission at 3 GHz and therefore a spectral peak at lower
frequencies. This evolution of the spectral peak to lower
frequencies is in agreement with the spectral evolution
expected from a shock traveling in a declining density profile
(R. A. Chevalier 1998).

Finally, while the 15.5GHz light curve is not sensitive
enough for the detection of the first flare, we are able to rule out
a second, delayed, radio flare (as seen in some optical-ultraviolet
TDEs; A. Horesh et al. 2021a, 2021b; Y. Cendes et al. 2022;
I. Sfaradi et al. 2022, 2024) at luminosities of (3-6) X
10¥7 erg s ! during the first 2 yr after optical discovery.

4.4. Host Galaxy

The host galaxy of AT 2022dbl was classified as a quiescent
Balmer-strong galaxy (K. D. French & A. 1. Zabludoff 2018)
based on its SDSS spectrum, having an SDSS Ha equivalent
width in emission of —0.016 + 0.130 A and an SDS. Lick Hé,
index of 2.20 £ 0.58 A. The MPA-JHU DR8 catalog lists a
velocity dispersion of o = 60.0 + 5.1kms™" for the galaxy.
Using the Mgp—o relation (J. Kormendy & L. C. Ho 2013), we
find a central black hole mass of log(Mpy/M.) = 6.20 £+ 0.52.

We retrieved ugriz photometry of the host galaxy from
SDSS DR 15 (D. S. Aguado et al. 2019), JHK photometry
from the Two Micron All Sky Survey (T. H. Jarrett et al.
2000), and W1, W2 photometry from the Wide-field Infrared
Survey Explorer (through the AIIWISE catalog; R. M. Cutri
et al. 2021) using coadded images taken from 2010 May 25 to
2010 December 3 via the SDSS SkyServer and the NASA/
IPAC Extragalactic Database. We also retrieved ultraviolet
archival photometry from the Galaxy Evolution Explorer
(M. Seibert et al. 2012). We fit the host-galaxy photometry
using the PROSPECTOR (J. Leja et al. 2017) o model, similar to
what was done in previous TDE host-galaxy studies
(M. Nicholl et al. 2020; P. Ramsden et al. 2022). The free
parameters in the model are the stellar mass, the stellar
metallicity, a six-parameter star formation history, and three
parameters that control the dust fraction and reprocessing. The
observed host-galaxy spectral energy distribution and the best-
fit PROSPECTOR models are shown in Figure 10. We find a
stellar mass of log(My/M.) = 10.367003, a subsolar metalli-
city of log(Z/Z.) = —1.20%)30, and a low specific star
formation rate of log(sSFR) = —12.56704} within the past
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Figure 6. Two-dimensional posterior distributions of MOSFiT model fits for both the first (red) and second (blue) flare. While the black hole mass and host-galaxy
extinction are consistent for both flares, the b parameter supports both a full and partial disruption for the first flare, while preferring a full disruption for the

second flare.

100 Myr (median and 16th and 84th percentiles of the
marginalized posterior distributions are given). The stellar
mass reported by PROSPECTOR is the integral of the star
formation history and so includes both stars and stellar
remnants.

5. Discussion
5.1. AT 2022dbl Compared to Other TDEs

In the top panels of Figure 11, we compare the bolometric
light curve of AT 2022dbl with those of the Bowen TDEs
ASASSN-141i (T. W. S. Holoien et al. 2016), iPTF15af
(N. Blagorodnova et al. 2019), iPTF16fnl (N. Blagorodnova
et al. 2017; F. Onori et al. 2019), AT 2017eqx (M. Nicholl
et al. 2019), AT2018dyb (G. Leloudas et al. 2019), and
AT 2019qiz (M. Nicholl et al. 2020) and with the well-sampled
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non-Bowen optical-ultraviolet TDE ASASSN-14ae
(T. W. S. Holoien et al. 2014). All bolometric light curves
are derived from the best-fit blackbody parameters of each
event. AT 2022dbl has the typical peak bolometric luminos-
ities among Bowen TDEs, with decline rates consistent with
the comparison sample.

In the bottom panel of Figure 11 and in Table 6, we compare
the total radiated energy of each flare of AT 2022dbl between
the earliest available data point (but no later than the peak) and
110 days after peak to those of TDEs with similar data
coverage: PS1-10jh (S. Gezari et al. 2012), AT 2017eqx
(M. Nicholl et al. 2019), AT2018dyb (G. Leloudas et al.
2019), AT 2018hco (S. van Velzen et al. 2021), AT 2018hyz
(S. van Velzen et al. 2021), AT 2018iih (S. van Velzen et al.
2021), AT 2018zr (S. van Velzen et al. 2021), AT 2019azh
(S. Faris et al. 2024), AT 2019dsg (S. van Velzen et al. 2021),



THE ASTROPHYSICAL JOURNAL LETTERS, 987:L20 (22pp), 2025 July 1

M=3M, TAMS
B=1 ;10
107 e=0.995
=102 —
o —
B 104 '
51072 >
° )
E 102 U
. . _
10 %
10A1
1074
1071 100
10! 10t
10°
—_ 1043 -
n 1
'L 10-1 n
=10 102 D
s 3
=102 . )
= . . 1041.
— WM, 1%passage  $ Lo 1flare  —- £UONC TN 3
103§ — p, 2" passage B Lpy, 2™ flare == t7° \~\ 109
—— M, 3" passage N
1074 L

|
107t 10°

Years

Figure 7. Mass fallback rates (left axes) are shown for the first, second, and
third pericenter passages of a 3 M, terminal-age main-sequence (TAMS) star
on a bound orbit around a 10° M, black hole having a pericenter distance of
R, ~ R, with eccentricity e = 0.995, consistent with an orbital period of
~700 days (top), and for the first and second pericenter passages of a 1 M,
zero-age main-sequence (ZAMS) star having a pericenter distance R, ~ R;/1.4
with an orbital eccentricity e = 0.997, consistent with the same orbital period
(bottom). In the latter case, the star is fully disrupted on the second passage.
The bolometric luminosities of the two flares (right axes) are overlaid with
different efficiency parameters € in each case to match the mass fallback rate,
assuming the luminosity is entirely powered by mass fallback with a constant
efficiency. The late-time bump in the 1 M, first passage mass fallback rate is
due to the less-bound debris returning after one orbital period and is much
smaller than the fallback rate due to the bound debris from the second passage.
The current data are not able to distinguish between these two types of
scenarios. This could be determined by the existence of a third flare. Error bars
denote 1o uncertainties.

AT 2019ehz (S. van Velzen et al. 2021), AT 2019eve (S. van
Velzen et al. 2021), and AT 2019qiz (M. Nicholl et al. 2020)
on the same time range. While on the low side of emitted
energies, each flare of AT 2022dblis still within the range
spanned by the comparison sample.

The top panel of Figure 4 shows that the blackbody radii of
both flares of AT 2022dbl are at the extreme low end of the
comparison sample. It is not known what sets the blackbody
radius in optical-ultraviolet TDEs. According to the reproces-
sing emission picture, this radius could be related to the size of
the reprocessing layer of material; however, the origin of the
reprocessing material itself is not well understood. It is
therefore not clear how to interpret the low inferred radii until
more such events are discovered.

Further to the spectral comparison of Figure 8, which places
AT 2022dbl in the He-rich Bowen TDE class (S. van Velzen
et al. 2020), we compare the spectra near the peak luminosity
of each flare of AT 2022dblto those of the TDEs PTF(09ge
(I. Arcavi et al. 2014), which shows a similar He II emission
profile and no Ho emission, and iPTF16axa (T. Hung et al.
2017) and AT 2018dyb (G. Leloudas et al. 2019), which show
similar N III emission profiles and varying Ho strengths, in
Figure 12. This comparison demonstrates how the similarity
between the spectra of both flares of AT 2022dblis striking
compared to the ranges of spectra seen in TDEs. Specifically,
both flares of AT 2022dbl exhibit identically weak He, in
between the Ha strengths seen in other TDEs.
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Figure 8. Spectroscopic comparison of AT 2022dbl with a sample of Bowen
TDEs in similar phases with respect to peak luminosity. The spectra have been
continuum-subtracted to highlight the emission features. AT 2022dbl is clearly
a member of the Bowen TDE class.

5.2. Possible Origins of the Double Flare in AT 2022dbl
5.2.1. Gravitational Lensing

We perform two tests to check whether the two flares of
AT 2022dbl could be two lensed images of the same TDE.
First, we measure the ultraviolet-to-optical color evolution of
both flares of AT 2022dbl (Figure 13), which shows that both
flares evolve slightly differently. In a lensing scenario,
different colors between images can be explained by different
amounts of dust extinction along the different light paths.
However, the color differences should be constant in time,
which is not the case for AT 2022dbl. The slight difference in
color evolution between the flares thus already strongly
disfavors a lensing scenario for AT 2022dbl.

Second, we examine whether the two flares can be two time-
delayed images of a single lensed TDE given the timescale
between the two flares, their redshift, and the peak brightness
ratio. Since both events have spectra that place them
unambiguously at the redshift of the host, z = 0.0284, we
primarily consider if there may be an intervening mass
between us and the host to account for lensing. In what
follows, we assume a point-mass lens. Other common
alternatives (for example, a singular isothermal sphere lens)
should lead to similar conclusions. The deflection angle at an
angular distance € from a point mass of mass M is given by
ad) = 4?2/1 L;j 'D , where G is the gravitational constant and c is
the speed of ]lig;vht. Dy, D, and Dy are the angular diameter
distances to the lens (located at z;), to the source (located
at z,), and between the lens and the source, respectively. A
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AT 2022dbl has the lowest Ha luminosity and width of the sample
consistently in both flares. Both flares are nearly identical in the Ha width.
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Figure 10. Our PROSPECTOR best-fit median model and 16th and 84th
percentile ranges for the AT 2022dbl host-galaxy spectral energy distribution.

point-mass lens would generally lead to two images appearing,
one on each side of the lens. The magnification of the two
images in this case is given by (P. Schneider et al. 1992)
u> + 2 1
= ——— =+ (1
2uyu? + 4 2
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Figure 11. Compared to a sample of other Bowen TDEs, both flares of
AT 2022dbl show typical peak bolometric luminosities (top) and decline rates
(middle; same as top panel but normalized to the brightest point). The second
flare of AT 2022dbl is fainter and shallower than the first. Error bars denote 1o
uncertainties. We also present the time-integrated bolometric luminosity
(bottom) of each flare of AT 2022dbl (dashed lines) compared to those of
optical-ultraviolet TDEs from the literature (see Table 6). Here we use only
events with data between peak (or earlier) and 110 days postpeak, and we
integrate between the first available point out to 110 days. AT 2022dbl shows
relatively low emitted energy but within the range spanned by the comparison
sample. Gray bands denote 1o uncertainties around the AT 2022dbl values.
All bolometric light curves are calculated from best-fit blackbody parameters.

where u is the angular separation of the source from the point
mass in units of the Einstein angle, u# = ($05'. The Einstein

4GM Dy,
angle 0 = ( = D];‘)S
would form around a point (or circularly symmetric) lens were
the source lying behind its center along the line of sight to it.
The time delay between the two images in this case can be
written as (P. Schneider et al. 1992)

1/2
) is the radial position of the ring that

4GM
At = ——1 + z)7w), 2)
¢
where
2
T(u) = L@ T4 4+ N td4tu 3)
2 Nu? +4 —u
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Table 6
Integrated Bolometric Energy of TDEs Plotted in the Bottom Panel of Figure 11
Name Time Range Integrated Energy References
(days) (log(erg ™)
PS1-10jh [—78.6, 110.0] 516701 S. Gezari et al. (2012)
AT 2017eqx [—14.5, 110.0] 505791 M. Nicholl (2018)
AT 2018dyb [—23.1, 110.0] 50.9+01 G. Leloudas et al. (2019)
AT 2018hco [—22.0, 110.0] 511591 S. van Velzen et al. (2020)
AT 2018hyz [0.0, 110.0] 50.7+0] S. van Velzen et al. (2020)
AT 2018iih [—42.0, 110.0] 51.5f8_‘} S. van Velzen et al. (2011)
AT 2018zr [—23.0, 110.0] 506191 S. van Velzen et al. (2020)
AT 2019azh [—18.0, 110.0] 51.0%01 S. Faris et al. (2024)
AT 2019dsg [—20.0, 110.0] 511591 S. van Velzen et al. (2020)
AT 2019ehz [—16.0, 110.0] 50.8701 S. van Velzen et al. (2020)
AT 2019eve [-5.0, 110.0] 49.8791 S. van Velzen et al. (2020)
AT 2019qiz [—19.2, 110.0] 50.0791 M. Nicholl et al. (2020)
AT 2022dbl (Flare 1) [0.0, 110.0] 50.2+91 This work
AT 2022dbl (Flare 2) [—22.8, 110.0] 49,9151 This work
Note. The integration time range is given in rest-frame days relative to peak.
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The spectral features seen during both flares of AT 2022dbl are virtually
identical to each other compared to the variability seen in the TDE population
(especially regarding the Hov strength).

For the following calculations, we assume a standard
ACDM cosmology with Hy = 70 kms~ ' Mpc™', Q, = 0.7,
and ©, = 0.3. We adopt an angular diameter distance of
D, = 1.1751 x 108 pc to the source, which corresponds to
z = 0.0284, and place a fiducial lens at z = 0.01, yielding
D, = 4.2307 x 10’ pc. Using the above equations, we find that
such an intervening point-mass lens should be as massive as
~10" M. to explain the time delay (~700 days) and
magnification ratio (~2:1) of the two events, were they
counterimages of the same lensed event. Given the low
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Rest-frame Days since Peak

Figure 13. The ultraviolet-to-optical color evolution of both AT 2022dbl flares
is roughly constant in time, as seen in other optical-ultraviolet TDEs. However,
the small but significant differences in color evolution between the flares from
peak luminosity to late times is enough to argue against both flares being two
lensed images of the same underlying event.

redshift of the host and the lack of any optical signature of
lensing or an intervening galaxy, it is not likely that such a
lensing mass is found exactly between us and the host galaxy.
This result does not strongly depend on the redshift of the
fiducial intervening lens, and a similarly large mass is required
even if the point lens is assumed to lie within the host galaxy.
Similarly, any reasonably massive point lens within our galaxy
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is also not capable in the above framework to generate images
with sufficient time delay as observed.

We conclude that it is very unlikely that the two events are
time-delayed images of the same lensed event but that they are
instead most likely two separate events.

5.2.2. Two Unrelated TDEs

As stated above, the host galaxy of AT 2022dblis a
quiescent Balmer-strong galaxy. Such galaxies have been
shown to have an enhanced TDE rate (I. Arcavi et al. 2014;
K. D. French et al. 2016). More specifically, TDE rates in such
galaxies correlate strongly with their Lick Hé4 index. We use
the 15 optical TDEs with broad lines in their spectra (i.e., the
same class of events as AT 2022dbl) from the K. D. French
et al. (2020) TDE host-galaxy sample to estimate the
probability of seeing two unrelated TDEs in a galaxy with a
similar Lick Hd, index as that of AT 2022dbl within 700 days
of each other.

We obtain Lick Hé, indices from the MPA-JHU catalogs of
absorption line indices and emission line flux measurements
(G. Kauffmann et al. 2003; J. Brinchmann et al. 2004;
C. A. Tremonti et al. 2004) retrieved through the SDSS III
Science Archive Server. We calculate the fraction of TDEs in
three Ho4 bins (equally spaced between 1.3 and 6 A with the
host of AT 2022dbl belonging to the first, i.e., lowest Hd,, bin)
relative to the fraction of galaxies in each bin. This gives us a
TDE rate enhancement for each galaxy bin of x10.09, x12.23,
and x132.43 (from the lowest Hd4 bin to the highest). We then
multiply this enhancement factor by a global TDE rate
between 107> and 10~* events per galaxy per year
(N. C. Stone et al. 2020). This gives us the TDE rate for each
Hé, bin, which we use, assuming Poisson statistics, to
calculate the probability for two events to occur within 700
days of each other in that bin. We then multiply this number by
the total number of TDEs discovered to date in that galaxy bin.
We assume that 50 optical-ultraviolet TDEs have been
discovered to date in all galaxy types and that they are
distributed between galaxy types in the same way as in the
K. D. French et al. (2020) sample.

We find that the probability of observing two unrelated
TDEs within 700 days of each other in a galaxy sharing the
same H¢, bin as that of the AT 2022dblhost galaxy is
0.037%-0.368%, depending on the assumption of the global
TDE rate (10 °—10* events per galaxy per year). For a recent
global rate estimate of 3.2 x 107 events per galaxy per year
(Y. Yao et al. 2023), the probability that the two flares of
AT 2022dbl are of unrelated TDEs is 0.12%.

This result is not sensitive to the number of bins chosen
(using four bins, we find 0.14%, and with five bins, we find
0.16%; the small sample of host galaxies precludes splitting
the population into six bins as in that case, the bin containing
the host of AT 2022dbl has zero galaxies in it, precluding a
rate enhancement calculation for it). The small number
statistics and uncertainty in the global TDE rate prohibit a
precise chance coincidence calculation, but our results indicate
that it is of order ~0.01%-0.1%.

We repeat this analysis for AT 2020vdq, a recently claimed
repeating TDE (J. J. Somalwar et al. 2025b) for which the Hd,
index of the host galaxy (J. J. Somalwar et al. 2025a) is
4.50 £ 0.13 A (J. Somalwar 2025, private communication) and
the time interval between the flares is 2.6 yr. We find that the
probability of observing two unrelated TDEs for these
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conditions is 0.86%-8.61%, depending on the assumption of
the global TDE rate (10 °-10"* events per galaxy per year).
This is more than an order of magnitude larger than for
AT 2022dbl. Thus, even if both flares of AT 2020vdq were
TDE:s, it is much less clear than for AT 2022dbl that these two
TDEs are related to the disruption of the same star. We
conclude that AT 2022dblis a much more likely repeating
TDE than AT 2020vdq.

In addition, we argue that the likelihood of both flares of
AT 2022dbl being of unrelated TDEs is even lower consider-
ing the similarity of the Ha properties of both flares, compared
to the spread of properties in a comparison sample of H-rich
TDEs (Figure 9). For two unrelated stars to produce the same
Ha properties would imply that these properties are set mainly
by the black hole rather than by the disrupted stars or their
orbits. While it is not known what sets the properties of
Ha lines in TDEs, if they were driven primarily by the black
hole, we would expect to see a correlation between
Ha emission properties and black hole properties across
TDEs. However, this is not seen. The presence of Hain a
TDE spectrum does not correlate with black hole mass
(M. Nicholl et al. 2022), and when Ha is present, neither does
its width (P. Charalampopoulos et al. 2023) or luminosity
(Figure 14). This suggests that at least the Ha characteristics of
a TDE must be influenced by its stellar and/or orbital
properties and hence that such similar spectra are difficult to
explain as coming from two unrelated disruptions. Together
with the rate argument above, we conclude that both flares of
AT 2022dbl must relate to the same TDE.

5.2.3. A Single TDE around an SMBH Binary

It has been suggested that post-starburst TDE host galaxies
could be postmerger galaxies harboring a binary SMBH in
their center. However, while a binary black hole can
significantly increase the TDE rate (X. Chen et al. 2009;
C. Wegg & J. Nate Bode 2011), such systems have been
disfavored as the dominant drivers of enhanced TDE rates in
post-starburst galaxies due to the timescales involved
(K. D. French et al. 2017; N. C. Stone et al. 2019). In
addition, for AT 2022dbl to be caused by an SMBH binary, the
orbital period of the SMBH binary would have to be
comparable to 700 days, as this is the only timescale over
which the presence of the secondary black hole would
significantly modify the dynamics of the debris (the debris
exiting the Hill sphere of the primary yields a comparable
estimate; E. R. Coughlin & P. J. Armitage 2018). In this case, a
total black hole mass of 10°M,, implies a binary semimajor
axis that is well within the sphere of influence of each black
hole (since the semimajor axis scales as ML for a given
period, changes in the total mass at the order-of-magnitude
level do not result in significant changes to the semimajor
axis). While the cross section for tidal disruption is increased
due to the larger geometrical area of the binary, at these small
separations, the TDE rate would be enhanced by a factor of ~2
at most, since such a binary would cause the majority of stars
to be ejected prior to disruption (E. R. Coughlin et al. 2017;
S. Darbha et al. 2018). Therefore, the double flare of
AT 2022dbl does not necessarily favor binary black holes as
the drivers of enhanced TDE rates in post-starburst galaxies.

Still, we check whether the second outburst of
AT 2022dbl could be due to a companion black hole. While
the secondary black hole does generate stochasticity in the
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Figure 14. Black hole mass vs. TDE Ha luminosity (left) and FWHM (right) around peak bolometric luminosity for AT 2022dbl (red) and the comparison sample in
Figure 9 (blue). We do not find any strong correlations between black hole mass and Ho luminosity or width, indicating that the similarity of the Ha properties of the
two AT 2022dbl flares is not solely related to the SMBH but is related to the star and/or its orbit. This strengthens the claim that the two flares of AT 2022dbl are

related to the same star.

accretion rate onto the primary, this is usually at the expense of
producing a sudden drop in the accretion rate (A. Ricarte et al.
2016), which is not observed here. Furthermore, we would
expect the second brightening to be much less energetic than
the first, also not observed here, owing to the fact that the
amount of mass supplied to the black hole (i.e., the fallback
rate) is itself much smaller at later times.

Alternatively, it could be that the second flare was due to the
accretion of material by the secondary black hole. Again,
however, we would expect the flare amplitude (or at least the
total energy liberated) to be much lower than in the first flare,
because the ejecta from the disruption by the primary black
hole would be highly geometrically extended and the total
mass available to the secondary black hole considerably
reduced. It is also difficult to see why the second accretion
event would be spectroscopically nearly identical to the first,
given that the geometry of the accretion flow and the accretion
rate would be different.

We conclude that the double flare of AT 2022dbl and its
occurrence in a post-starburst galaxy do not constitute
evidence for the presence of an SMBH binary.

5.2.4. Emission from the Less-bound Debris Tail

A star on a parabolic orbit that is disrupted (partially or
completely) produces two tidal tails of debris, one of which is
bound while the other is unbound. The reason for this is that
the tidal field imparts a spread in the specific Keplerian energy
of

1/3
A~ GMxf Mon @
Ry \ My

(where M, is the mass of the disrupted star and R, is its
radius) to the debris as the star passes through the tidal
disruption radius (J. H. Lacy et al. 1982), meaning that the
most-unbound debris has a specific energy +Ae. Equation (4)
relies on the assumption that the star is approximately
hydrostatic as it passes through the tidal radius. This spread
in energy has been verified by a number of numerical
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investigations when the star is described by a 5/3 polytrope
and is completely destroyed (G. Lodato et al. 2009; J. Guillo-
chon & E. Ramirez-Ruiz 2013; E. Steinberg et al. 2019;
S. M. J. Norman et al. 2021), but it is less clear that it should
hold for partial disruptions or different stellar structures.

When the star is bound to the black hole by an amount ¢, (i.e.,
€. is the specific energy of the surviving core), this energy
barrier must be overcome to completely unbind material from
the black hole, meaning that the most-unbound (or “least-
bound,” if the specific energy is ultimately negative) material
has a specific energy € = ¢. + Ae. This implies that the ratio of
€./ Ac is a measure of the importance of the specific energy of
the core: if e.,/Ae < 1, then the core binding energy is
unimportant, and the system is effectively parabolic (as
concerns the ejection of mass on hyperbolic trajectories),
whereas if €./Ae > 1, the entire stream is bound to the black
hole (K. Hayasaki et al. 2018). Adopting an orbital period of
700 days and a black hole mass of Mgy = 10° M, the energy—
period relationship of a Keplerian orbit gives €. >~ —15GM,. /R,
for a solar-like star. Since Ae = 100GM./R.., we would expect
at most ~15% of the “unbound” tail to be gravitationally bound
to the black hole (this is an upper limit, as some fraction of the
material will accrete back onto the star). Because the return time
of the debris must be at least as long as the orbital period of the
star, a very firm upper limit on the accretion rate onto the black
hole from the less-bound tail is (again, for a solar-like star)
~0.07 M, /(700 days) ~ 0.05 M, yr'. This is approximately 2
orders of magnitude below the peak from the main flare (see
Figure 7), implying that the second flare cannot—barring
extreme changes to the accretion efficiency of the black hole—
be due to the less-bound debris.

5.2.5. The Repeated Disruption of the Same Star

Having disfavored gravitational lensing of the same TDE,
two unrelated TDEs, a single TDE around an SMBH binary,
and the accretion from a debris tail; given the photometric and
spectroscopic similarity of the two flares; and having presented
analytical and numerical models that are consistent with the
two flares arising from the disruption of the same star, we
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conclude that AT 2022dblis most likely the repeated disrup-
tion of the same star, with at least the first disruption being
partial.

5.3. Dynamical Scenario for the Creation of AT 2022dbl

For a black hole of mass Mgy ~ 10°-10%" M 5, a 700 day
orbit implies a semimajor axis a of 2.3—4.0 x 1013 cm. This is
much smaller than the radius of influence of the black hole
(which, for the host galaxy of AT 2022dbl, is ~3-7 x 10'® cm),
from where most disrupted stars originate, and tidal dissipation
alone cannot bind the star to the black hole sufficiently tightly to
produce a 700 day period (M. Cufari et al. 2022).

Instead, the star could have been captured through the Hills
mechanism (J. G. Hills 1988). According to this mechanism,
the center of mass of a binary star system with mass M,, and
separation a; approaches the SMBH on an orbit with a

1/3
MBH) . At that

distance from the SMBH, the binary is disrupted, with one star
becoming unbound and ejected from the system and the other
star remaining bound to the black hole. The bound star is
expected to have an orbital period <10yr (see below),
consistent with the period measured here.

For any mass to be removed from the star, the pericenter
distance of its orbit R, should be <2 times the stellar tidal
disruption radius (E. R. Coughlin & C. J. Nixon 2022),

1/3
R, R*(MBH

binary tidal disruption radius R,, the captured star could be put
onto such an orbit directly by the Hills mechanism (M. Cufari
et al. 2022), or it could shrink its orbit and increase its
eccentricity after being captured through two-body scatterings
(see below).

Another way to produce the 700day orbit is through
eccentric Kozai-Lidov oscillations (Y. Kozai 1962;
M. L. Lidov 1962) from an SMBH binary combined with
two-body relaxation (D. Melchor et al. 2024). In this scenario,
the second black hole would most likely be at separations of
order the radius of influence from the disrupting black hole and
therefore would not affect the observed flare, only the
dynamics leading up to disruption.

pericenter distance smaller than R, = a,

. While this is typically smaller than the

5.3.1. The Orbital Period of AT 2022dbl

The difference between the observed light-curve peaks
AT,ps, assuming that the luminosity tracks the fallback rate, is
ATobs = Lo — Tpeak,l + Tpeak,2s where Tpea.k,l and Tpeak,Z are
the times to reach the peak fallback rate following the first and
second pericenter passage of the star, respectively. These two
times will not be identical because the star has imparted
rotation (T. Ryu et al. 2020b; A. Bandopadhyay et al. 2024)
and loses mass upon being partially disrupted. Hence, the
orbital period of the star can only be approximated from the
time between peaks (the observation of the sudden shutoff of
emission, on the other hand, could directly constrain the time
at which the star reaches pericenter; T. Wevers et al. 2023).

That being said, we now show that a period of ~700 days is
consistent with theoretical expectations from the Hills
mechanism. The tidal radius of a binary star system with
semimajor axis a, and total mass M, is

1/3
R = ayp MBH .
M,

%)
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As the binary is ripped apart, one of the stars is captured on an
orbit that has a specific binding energy about the black hole of

GM, ( Mgy \'?
= ——| . (6)
ap M,
This then yields a period of the captured star of
2
T — T GMeu . % Mgy @
NOR Jom, \ M,

For the binary to avoid being disrupted before reaching R,, we
require (G. D. Quinlan 1996)

GM, GM,
b Z2o = a5 zb,
ap g

®)

~

where o is the velocity dispersion of the stars in the nucleus of
the galaxy. Combining this with Equation (7) yields

GM, ( MBH)I/Z

*
~ 0’3 Mb

)

Adopting an Mgy—o relation of the form (D. Merritt 2000)

n 1/n
My = Mo(i) = o= ao(@) : (10)
(o) MO
the equation for T, becomes
G\/ Mpu | 1/2
3 MBH , (11)
0'0 MO
which can be rewritten as
CTO M()

Recent estimates of the Mpgy—o relation give n=35.1,
My =19 x 10* M., and 0o = 200kms™" (N. J. McConnell
et al. 2011). This then gives

~3/34

) yr.

1/2
T, <72 M, Mpu
M\'.> M()

This suggests that there could be many objects with periods
longer than the ~700 day orbit of AT 2022dbl, and that the
binary that produced the captured star was particularly hard,
ie., with a semimajor axis significantly smaller than
~GM,,/ o2. In addition, Equation (6) is the most likely value,
and while binding energies larger than this are rare, there could
be a substantial number (M. Cufari et al. 2022) of captured
objects with periods that are even longer than the limit in
Equation (13).

Changes to the orbital period could be achieved by
imparting energy—through either rotation or internal /oscilla-
tory modes—to the surviving core. This effect is important
when the imparted energy is comparable to (or at least not too
dissimilar from) the binding energy of the core to the black
hole. In terms of the orbital period 7, the latter is

= QnGMgy/T))*3/2, Whlch for Mgy = 10°M. and
T 700 days is €. ~ 3 x 10'®ergg™". The energy imparted
via tides can at most be equal to the blndmg energy of the star,
meaning that the change in the specific energy satisfies

13)
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Ae< ey ¥ GM, /R, ~2 X 10" erg g, where we adopted a
mass-radius relationship Ry = R, (My/M.) for a main-
sequence star (O. Demircan & G. Kahraman 1991). The ratio
of the energy imparted via tides to the binding energy of the
orbit is therefore <1/15, but this is likely a substantial
overestimate, given that the mass powering the accretion is a
very small fraction of a solar mass. In the limit where the star
is effectively at the partial disruption radius and a low amount
of mass is stripped, the change in the binding energy of the star
is (M. Cufari et al. 2023) Ae =~ 1%e,,, and we would therefore
expect the relative change in the period to be AT/T ~
—3/2 x Ae/e. ~ 0.1%, implying an absolute change in the
orbital period of AT < 1 day.

5.3.2. Formation of AT 2022dbl through the Hills Mechanism and
Angular Momentum Relaxation

With an orbital period of T, = 700 days and a pericenter
distance R, comparable to the tidal disruption radius R, the
orbital eccentricity is constrained to

Ry
(GM,T)!/3

oo ) " (Re)(2e) T2
700 days R{.) M{.) 0.5

(14)

1 — e~ By'Qm)?3

where we normalize to 34 = R,/R, = 0.5 as the penetration
factor appropriate for a partial disruption. On the other hand,
stars in a binary of mass M, captured via the Hills mechanism
typically have an eccentricity of approximately (M. Cufari
et al. 2022)

2
1 — emins ~ —(M,/Mpy)'/>
By

-1/3 1/3
~ 0.025 3, (lé‘f’%) (21‘:; ) . (15)

where here we normalize to a penetration factor for the binary
By = R,/R, = 1 (here R, is the pericenter distance of the
binary from the black hole), as the tidal splitting of binaries in
galactic nuclei is typically governed by an empty loss-cone
regime (N. C. Stone et al. 2020).

Thus, either the binary penetration factor 3, is roughly 4 or
the orbital eccentricity of the captured star needs to be excited
from its initial value to its value inferred at disruption
(Equation (14)). This can happen through two-body scatterings
with other field stars, a process that would occur over the
angular momentum relaxation time of approximately

(D. Merritt 2013)

2
P M,
J orb BH 1
i —0 |30 (pAY (1 — epp
2B 27rN*(Ra)( M, ) (InA)~( Hills)

1/6 _ 0.18
~5 % 100y /(ﬂ) " Men
700 days 10 106 M., ’

(16)

where N,(R,) is the number of stars of semimajor axis
comparable to R, and InA ~ In Mgy /My = 10 is the Coulomb
logarithm. Here we assume a Bahcall-Wolf density profile
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Figure 15. Illustration of a possible Hills mechanism formation channel for
AT 2022dbl. Orbits of a binary star system of total mass My,;, = 2 M, near a
black hole of mass My = 10%% M, are shown in a phase space of pericenter
distance (r,) vs. semimajor axis (dm). The solid black diagonal line at
Tp = dorp corresponds to circular orbits (e = 0), while eccentric orbits lie below
this line. The vertical green line denotes the approximate semimajor axis of
AT 2022dbl, the shaded red region is its pericenter distance (see text for
details), and the blue star denotes their intersection. The black dashed diagonal
line corresponds to the typical orbits of stars captured by the Hills mechanism,
spanned by the range of possible binary separations ay;,, from contact binaries
(apin = 2 R.) to binaries on the soft/hard boundary given by the galactic
velocity dispersion (api, ~ 62 R-). A binary of intermediate separation,
apin ~ 9 R, marked by the black star, would result in an orbital period similar
to that of AT 2022dbl yet with r, ~ 10 times the tidal radius. Angular
momentum relaxation through two-body scatterings could excite the captured
star’s eccentricity without undergoing substantial changes in energy (and
hence in a,,,), bringing it toward the tidal radius on a nearly vertical track in
this phase space (denoted by the green arrow). Thin gray lines show steady-
state trajectories in this phase space, due to the combined effect of two-body
relaxation and gravitational-wave inspiral. Well above the thick gray line,
orbits evolve primarily due to relaxation along mostly vertical tracks, while
below this line, gravitational-wave evolution is more rapid, and orbits follow a
nearly horizontal trajectory.

(J. N. Bahcall & R. A. Wolf 1977), such that Ny(R,) ~
(Mgp/My)(R,/GMgy /0%, and the Mpgy—o relation of
J. Kormendy & L. C. Ho (2013). For the orbital parameters
relevant here, this time is shorter than the circularization time
due to gravitational waves, which is given by (P. C. Peters
1964)

1242 GMgy M, a Y
Ew ~ o BH( ) (1 — eminy)/?

7_ ~
GW 35 3 My \ GMgy/c?
~11/6 8/3
M P
- o g1 Mo _ B
~d x 10°yr 5, (loﬁM@) (700days) '

(7)

Thus, the orbit will not undergo substantial changes in
energy and period during its angular momentum relaxation to
higher eccentricity. The hierarchy 755 < Téw is maintained
even as e increases to the (partial) disruption of the star, since
738/ TEw o< (1 — e)5/2, such that as (1 — ¢) decreases by a
factor of ~4, the timescale ratio increases by a factor of ~32.
This process is illustrated in Figure 15.

In summary, assuming a Sun-like star captured from a
binary system with a mass ratio of ~1 by the Hills mechanism
around a 10° M., black hole, the following orbital parameters
can reproduce a system like AT 2022dbl. For a velocity
dispersion ¢ = 200kms™' in the galaxy nucleus, the
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maximum allowed semimajor axis for the binary to survive
down to the black hole is (Equation (8)) a, < 6.7 x 10" cm.
The tidal radius for disrupting such a binary is then
(Equation (5)) <5.3 x 10" cm. The captured star would then
have entered an orbit at a pericenter distance of 1.4 x 10" cm,
which is twice its tidal disruption radius R, =
Ry (Mgy/My)'/3 = 7 x 10'> cm, to undergo a partial disrup-
tion with penetration factor 3, = 0.5. This would entail an
eccentricity of e = 0.993 (Equation (14)), making the
semimajor axis @ = R,/(1 — e) =23 x 10 cm, corresp-
onding to a period of P = 2ma®/?/\/GMgy = 700 days, as
observed.

The formation of such systems to begin with is governed by
the scattering rate of binaries in galactic nuclei onto highly
eccentric orbits, leading to their tidal split-up. If binaries of the
relevant range of orbital separations constitute a fraction f;, of
all stars within the black hole’s sphere of influence, the
formation rate of such systems will be approximately f, Rrpg,
where Rypg is the overall TDE rate. Systematic classification
of full versus repeating TDEs will thus be useful in
constraining the dynamics and demographics of stellar
populations within galactic nuclei.

5.4. Implications

The similarity of AT 2022dblto the class of optical-
ultraviolet TDEs in its total energy, temperature, spectral
features, and host-galaxy characteristics raises the question of
whether all members of the class are in fact partial disruptions
(as also tentatively suggested by C. Liu et al. 2025).

The existence of multiple flares of similar radiated energy in a
seemingly normal TDE has clear implications for the missing
energy problem in optical-ultraviolet TDEs. AT 2022dbl suggests
that the total radiated energy in other TDEs may currently be
underestimated given the uncertain recurrence times and number
of flares associated with a given optical-ultraviolet TDE.

Alternatively, it could be that both full and partial
disruptions emit almost the same amount of energy in radiation
with nearly identical emission properties. This could happen if
the luminosity of the accretion flow is roughly limited by the
Eddington luminosity, even if the accretion rate is not. Indeed,
depending on the black hole mass assumed for AT 2022dbl,
the first flare could be Eddington-limited.”® The luminosities of
other TDEs are also comparable to the Eddington luminosity
for the more common low-mass black holes (Y. Yao et al.
2023), and the theoretically predicted fallback rates are super-
Eddington (M. J. Rees 1988). If this is the case, it can solve the
missing energy problem through super-Eddington accretion in
which the energy goes into the black hole and outflows, rather
than into radiation. In this interpretation, the distinguishing
feature between partial and complete disruption would
primarily be the postpeak decline rate (being steeper for
partial disruptions), which is consistent with both the
observations presented here and theoretical predictions
(M. J. Rees 1988; E. S. Phinney 1989; J. Guillochon &
E. Ramirez-Ruiz 2013; E. R. Coughlin & C. J. Nixon 2019;
J. Krolik et al. 2020; A. Bandopadhyay et al. 2024).

Indeed, both flares have similar light curves, with the second
being fainter and having a shallower postpeak decline (~¢ > /3)

26 Using the host-galaxy black hole estimate, we find a peak Eddington ratio
of 0.477}1} for the first flare. The lower black hole mass estimates from
TDEMass imply an even higher ratio.
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than the first (Nt_2'7). However, it is not possible to determine
whether the second flare continued to decline at this rate or
whether it simply had a broader peak and its decline rate later
steepened to resemble that of the first flare.

This leads to two possibilities regarding the fate of the star
and future flares of AT 2022dbl: either both disruptions were
partial or the first was partial and the second was the full
disruption of the star. The existence of a third flare (possibly
very similar to the first two; top panel of Figure 7) in early
2026 will determine whether the second flare was also due to a
partial disruption or whether the second flare could have been
the full disruption of the star.

The first possibility implies that all optical-ultraviolet TDEs,
regardless of initial luminosity decline rate, could be partial
disruptions, while the second possibility implies that only
some optical-ultraviolet TDEs are partial disruptions, exhibit-
ing similar observational properties as full disruptions.
Whichever turns out to be the correct interpretation, it will
have far-reaching implications for our understanding of TDEs,
since most models to date assume that all optical-ultraviolet
TDEs are full disruptions (an assumption ruled out here by
either interpretation).

6. Summary and Conclusions

We presented and analyzed observations of the double-flare
TDE AT 2022dbl. The spectral features, blackbody temper-
ature, luminosity, and total integrated energy of each flare of
AT 2022dbl are typical of the optical-ultraviolet TDE class
(S. van Velzen et al. 2020; E. Hammerstein et al. 2023), as are
the radio detections from shortly after optical discovery
(indicating a subrelativistic outflow with no luminous delayed
radio flares in the first 2 yr; K. D. Alexander et al. 2016;
A. Horesh et al. 2021a). The host galaxy of AT 2022dblis a
quiescent Balmer-strong galaxy, which is also typical of
optical-ultraviolet TDE hosts (I. Arcavi et al. 2014;
K. D. French et al. 2020), and was even preselected 4 yr
before the discovery of AT 2022dblas a likely TDE host
(K. D. French & A. 1. Zabludoff 2018).

Thus, all of the characteristics of AT 2022dbl place it in the
class of optical-ultraviolet TDEs without being an outlier in
any parameter, except for having a second flare approximately
700 days after the first flare. We show that the second flare
exhibits a very similar light curve (albeit fainter and with a
slower postpeak decline in the ultraviolet bands) and nearly
identical spectra as the first flare.

Given the time separation and slight differences in
ultraviolet-to-optical color evolution between the two flares,
we are able to rule out that the two flares are due to
gravitational lensing of a single TDE. Our analysis of the host
galaxy of AT 2022dbl strongly disfavors two unrelated TDEs
as the origin of the two flares, and the light curves of both
flares disfavor the disruption of the same star by two different
SMBHs. We presented both analytical and numerical models
that are consistent with the scenario of both flares being the
disruption of the same star by the same SMBH, with at least
the first flare being due to a partial disruption of the star. We
have further presented a possible dynamical scenario that can
reproduce the disruption parameters.

We conclude that AT 2022dbl represents two consecutive
disruptions of the same star, which is on a bound orbit (with an
orbital period of approximately 700 days) about an SMBH and
for which at least the first flare was the result of a partial
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disruption. Given that until now, candidate repeating partial
disruptions were either for events with spectra and light curves
not typical of the optical-ultraviolet TDE class, for events for
which optical spectra or photometry were not taken during one
of the flares, or for events in host galaxies capable of
producing multiple TDEs on the observed timescales, we
determine that AT 2022dbl is the first robust case of a partial
disruption appearing as an otherwise ‘“normal” optical-
ultraviolet TDE.

As such, this has far-reaching implications for the class of
optical-ultraviolet TDEs as a whole. It is possible that other
members of this class (or even all of them) are also partial
disruptions, just on longer return timescales (or of stars on
single passes). If this is the case, it requires a reassessment of
the emission mechanisms, rates, and processes driving the
host-galaxy preference of optical-ultraviolet TDEs.
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