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A B S T R A C T 

The ROSAT -selected tidal disruption event (TDE) candidate RX J133157.6 −324319.7 (J1331) was detected in 1993 as a bright 
[0.2–2 keV flux of (1.0 ± 0.1) × 10 

−12 erg s −1 cm 

−2 ], ultra-soft ( kT = 0.11 ± 0.03 keV) X-ray flare from a quiescent galaxy 

( z = 0.051 89). During its fifth all-sky survey (eRASS5) in 2022, Spectrum-Roentgen-Gamma (SRG )/ eROSITA detected the 
repeated flaring of J1331, where it had rebrightened to an observed 0.2–2 keV flux of (6.0 ± 0.7) × 10 

−13 erg s −1 cm 

−2 , with 

spectral properties ( kT = 0.115 ± 0.007 keV) consistent with the ROSAT -observed flare ∼30 yr earlier. In this work, we report 
on X-ray, ultraviolet, optical, and radio observ ations of this system. During a pointed XMM observ ation ∼17 d after the eRASS5 

detection, J1331 was not detected in the 0.2–2 keV band, constraining the 0.2–2 keV flux to have decayed by a factor of � 40 

o v er this period. Giv en the e xtremely low probability ( ∼5 × 10 

−6 ) of observing two independent full TDEs from the same 
galaxy o v er a 30 yr period, we consider the variability seen in J1331 to be likely caused by two partial TDEs involving a star 
on an elliptical orbit around a black hole. J1331-like flares show faster rise and decay time-scales [ O(d)] compared to standard 

TDE candidates, with negligible ongoing accretion at late times post-disruption between outbursts. 

Key words: accretion, accretion discs – black hole physics – transients: tidal disruption events. 
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 I N T RO D U C T I O N  

enefitting from the latest generation of time-domain surv e ys, the 
ast decade has seen a vast growth in the diversity of observed
ransients originating from galactic nuclei. These events can be 
rudely divided into, and described as, either ‘one-off’ or ‘repeating’ 
vents, depending on the observed evolution of their light curves. 

‘One-of f’ e vents, characterized by a single epoch of major transient
ehaviour o v er an observ ed monitoring campaign, comprise the 
ajority of newly reported nuclear transients. These include systems 
here the variability is likely linked to changes in the accretion 
rocess on to a supermassive black hole (SMBH), such as has 
een reported in pre viously kno wn acti ve galactic nuclei (AGNs;
.g. changing-state AGNs; Frederick et al. 2019 , 2021 ; Trakhtenbrot 
t al. 2019b ; Ricci et al. 2020 , 2021 ; short-rise, slo wed-decay Bo wen
ccretion flares, Trakhtenbrot et al. 2019a ), or due to stellar tidal
isruption events (TDEs) in quiescent galaxies 1 (see Alexander et al. 
020 ; Saxton et al. 2020 ; van Velzen et al. 2020 , 2021a , for recent
e vie ws of radio, X-ray, optical, and infrared observations of TDEs,
 E-mail: amalyali@mpe.mpg.de 
 Strong TDE candidates have also been reported in galaxies showing signs 
f pre vious AGN acti vity (e.g. Merloni et al. 2015 ; Blanchard et al. 2017 ; 
iu et al. 2020 ). 
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espectively). Other transients, which may occur so close to the 
entres of galaxies that they are astrometrically indistinguishable 
rom SMBH accretion, have also been reported (e.g. supernovae 
xploding in the narrow-line region of AGNs; Drake et al. 2011 ) or
redicted to exist (e.g. stellar collisions in nuclear star clusters; Dale
t al. 2009 ). 

Even more recently, the population of known ‘repeating’ events 
as e xpanded. Sev eral TDE candidates hav e no w sho wn multiple ma-
or outbursts, through their strong, double-peaked optical light curves 
AT 2019avd, Malyali et al. 2021 ; Chen, Dou & Shen 2022 ), repeated
-ray outbursts (IC 3599, Grupe et al. 1995 ; Grupe, Thomas &
euermann 2001 ; Campana et al. 2015 ; Grupe, Komossa & Saxton
015 ; eRASSt J045650.3 −203750, Liu et al. 2022 ; AT 2018fyk,
evers et al. 2022 ), or quasi-periodic optical outbursts potentially 

ssociated with repeated partial TDEs (ASASSN-14ko, Payne et al. 
021 ). Towards the more extreme end of known repeating transients
ies the recently disco v ered class of quasi-periodic eruptions (QPEs;

iniutti et al. 2019 ; Giustini, Miniutti & Saxton 2020 ; Arcodia et al.
021 , 2022 ), which show large-amplitude, ultra-soft X-ray outbursts, 
ith flare duration of the order of hours, and which recur o v er time-

cales of hours to days. 
In this work, we report on the SRG /eROSITA (Predehl et al. 2021 ;

unyaev et al. 2021 ) detection of the repeated flaring of a previously
eported, ROSAT -selected TDE candidate, RXJ133157.6 −324319.7 
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Reiprich & Greiner 2001 ; Hampel et al. 2022 ), originating from a
uiescent galaxy at z = 0.051 89 (Moretti et al. 2017 ). In Section 2 ,
e report on the detection of this system with eROSITA and follow-
p observations performed with Neutron Star Interior Composition
xplorer ( NICER ; Section 2.2 ), XMM (Section 2.3 ), and Swift X-

ay Telescope (XRT) (Section 2.4 ), as well as archi v al X-ray ob-
ervations (Section 2.5 ), ultraviolet (UV), optical, and mid-infrared
hotometry (Section 2.6 ), and radio observations (Section 2.7 ). We
iscuss the nature of the system in Section 3 , before providing a
ummary in Section 4 . 

All magnitudes are reported in the AB system and corrected for
alactic extinction using A V = 0.142 mag, obtained from Schlafly &
inkbeiner ( 2011 ), R V = 3.1, and a Cardelli extinction law (Cardelli,
layton & Mathis 1989 ), unless otherwise stated. The ef fecti ve
avelength for each filter was retrieved from the Spanish Virtual
bservatory (SVO) Filter Profile Service. 2 All dates/times will be

eported in universal time. 

 REDISCOV ERY  A N D  FOLLOW-UP  

RASSt J133157.9 −324321 (herein J1331) was detected on 2022
anuary 20 as a bright new X-ray point source in a system-
tic search for TDE candidates during the fifth eROSITA all-
k y surv e y (eRASS5). The eROSITA Science Analysis Software
 ESASS ; Brunner et al. 2022 )-inferred source position was (RA J2000 ,
ec. J2000 ) = (13 h 31 m 57.9 s , −32 ◦43 

′ 
21 . ′′ 2), with a 1 σ positional

ncertainty of 1.6 arcsec. No X-ray point source was detected within
0 arcsec of this position in each of the previous four eRASS.
he eROSITA source position is consistent with a quiescent host
alaxy at z = 0.051 89, with total stellar mass, log( M � /M �) =
0.15 ± 0.09, and an inferred black hole mass, log( M BH /M �) =
.5 ± 0.2 (Appendix A ). The quiescent nature of the host is suggested
y both the optical spectrum of its host galaxy (Appendix B ; see also
ampel et al. 2022 ) and its AllWISE (Wright et al. 2010 ; Mainzer

t al. 2014 ) mid-infrared colour, W1 − W2 = 0.05 ± 0.05 mag,
ar below the threshold of � 0.7 for mid-infrared AGN selection
Stern et al. 2012 ; Assef et al. 2018 ). After selecting J1331 as a
romising TDE candidate, it was also realized that the host galaxy of
1331 was the same as that identified for the ROSAT -selected TDE
andidate, RXJ133157.6324319.7, first detected in outburst in 1993,
nd recently presented in Hampel et al. ( 2022 ), with the finder chart
or these transients presented in Fig. A1 . The eRASS5 detection of
1331 thus suggested the remarkable rebrightening of a previously
nown TDE candidate, ∼29 yr after the outburst detected by ROSAT .

.1 eROSITA 

sing the eSASS task SRCTOOL (eSASSusers 211214; Brunner
t al. 2022 ), source (and background) spectra and light curves
ere extracted from a 60 arcsec radius source region centred on the

RASS5 inferred position, with background counts extracted from
 circular annulus with inner and outer radii of 140 and 240 arcsec,
espectively. 

eROSITA scanned the position of J1331 eight times during
RASS5, with each scan separated by ∼4 h, thus spanning an
28 h window in total. During this time, J1331 was observed to

e persistently bright (Fig. D2 ), as opposed to showing a short-
ived flaring, and was clearly detected above background in each
bservation. 
NRAS 520, 3549–3559 (2023) 
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The eRASS5 X-ray spectra were then fitted using the Bayesian X-
ay Analysis (BXA) software (Buchner et al. 2014 ), which connects
he nested sampling algorithm UltraNest (Buchner 2021 ) with the fit-
ing environment XSPEC (Arnaud 1996 ). The source and background
pectra were jointly fitted with a source plus background model,
ith the latter using the principal component analysis background
odelling first described in Simmonds et al. ( 2018 ), and as also

pplied to AT 2019avd in Malyali et al. ( 2021 ). The eRASS5
pectrum is well fitted by a tbabs ∗zbbody model (Fig. D1 ),
ith the Galactic equi v alent neutral hydrogen column density, N H ,
xed to 3.84 × 10 20 cm 

−2 , the value along the line of sight to
1331 in HI4PI Collaboration ( 2016 ), and kT = 0 . 115 + 0 . 007 

−0 . 007 keV.
 fit with a power law ( tbabs ∗zpowerlaw ) leaves large residuals
etween the observed data and model above 1 keV. When using the
est-fitting tbabs ∗zbbody model described abo v e, the eRASS5
bserved (unabsorbed) 0.2–2 keV flux for J1331 is (6.0 ± 0.7) ×
0 −13 erg s −1 cm 

−2 [(8 ± 1) × 10 −13 erg s −1 cm 

−2 ], translating to
n unabsorbed 0.2–2 keV luminosity of (5.5 ± 0.7) × 10 42 erg s −1 . 

J1331 was not detected in eRASS1–4, with 2 σ upper limits on
he 0.2–2 keV count rate of 0.016, 0.03, 0.07, and 0.03 cts s −1 

n each successive eRASS (see Table D1 for a full log of the X-
ay observations of J1331). These count rate upper limits were then
onverted to 0.2–2 keV flux upper limits using the best-fitting spectral
arameters to the eRASS5 spectrum described earlier. 

.2 NICER XTI 

ollo w-up observ ations of J1331 were obtained with the X-ray
iming Instrument (XTI) onboard the NICER observatory (Gendreau
t al. 2016 ) through pre-appro v ed Target-of-Opportunity requests
ToOs; PI: Z. Liu). NICER observations commenced ∼4 d after
he last eRASS5 observation, and continued for the next 15 d on a
ear-daily basis (Table D1 ). We first generated cleaned and screened
vent files using the nicerl2 task (with default recommended
arameters), before using nibackgen3C50 (Remillard et al. 2022 )
o generate total and background spectra for each observation ID
GTIs were filtered out using hbgcut = 0.05 and s0cut = 2 ,
s recommended in Remillard et al. 2022 ). ARF and RMF files were
ubsequently generated using the tasks nicerarf and nicerrmf ,
nd the X-ray spectra were binned using the Kaastra & Bleeker
 2016 ) method to a minimum of 20 counts per bin. The total and
ackground count rates were then estimated in the 0.4–2 keV band. 3 

1331 is not detected at 2 σ abo v e background in each OBSID
Fig. D3 ), with 2 σ upper limits on the source count rates, inferred
sing CR tot + 2 σ , with CR tot the total measured count rate and σ the
stimated error on CR tot . The 0.4–2 keV count rates were converted to
.2–2 keV fluxes (Table D1 ) assuming the eRASS5 spectral model
Section 2.1 ). NICER observations rule out a further brightening
eyond eRASS5, or a persistently bright source that rapidly ‘cuts-
ff’ in brightness by the time of the XMM observation (Section 2.3 ).

.3 XMM 

1331 was later observed by XMM (PI: Z. Liu) on 2022 February
 (denoted XMM1), ∼16 d after the last eRASS5 observation, and
lso on 2022 August 6 (denoted XMM2). Observations were carried
ut with the medium filter on PN, MOS1, and MOS2. The XMM data
ere reduced using HEASOFT v6.29, SAS version 20211130 0941,
 The 0.4 keV lower bound here was chosen to reduce contamination from 

ny incompletely modelled optical loading. 

http://svo2.cab.inta-csic.es/theory/fps/
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nd the latest calibration data files (CALDB v20210915). Following 
tandard XMM data reduction procedures, calibrated event files were 
rst generated from the observation data files using the SAS tasks
mproc and epproc for the MOS and PN cameras, respectively. 
hen, periods of high background flaring were filtered out. 4 For 
MM1 (XMM2), this resulted in only 4.1 ks (25.7 ks), 12.8 ks

30.7 ks), and 11.8 ks (30.2 ks) of usable exposure time for PN,
OS1, and MOS2, respectively. In the subsequent analysis, only 

vents with PATTERN < = 4 and FLAG = = 0 were extracted for
N, while PATTERN < = 12 and FLAG = = 0 filtering was applied
or MOS1 and MOS2. 

For XMM1, no source is detected within 30 arcsec of the host
alaxy position in PN and MOS1 with detection likelihood, DETML, 
bo v e 3, when running the standard XMM source detection pipeline in
he 0.2–2 keV band on the PN, MOS1, and MOS2 images. Ho we ver,
 source was detected in MOS2 at (RA J2000 , Dec. J2000 ) = (13 h 31 m 58 s ,
32 ◦43 

′ 
19 

′′ 
), with a 1 σ positional uncertainty of 2 arcsec, consistent

ith the ROSAT and eROSITA positions (Fig. A1 ). The DETML for
his source is low (10.3), and the estimated observed 0.2–2 keV flux
n the emldetect output is (8 ± 3) × 10 −15 erg s −1 cm 

−2 , ∼75 ×
ainter than the eRASS5 observed flux. 

Given the uncertain detection of the system across all three EPIC
ameras, we computed a 2 σ upper limit on the 0.2–2 keV count rate
sing the SAS task eupper . This was done using the 0.2–2 keV
and images, exposure and background maps for each camera, and 
 30 arcsec-radius circular e xtraction re gion for the source counts
centred on the Gaia position of the host galaxy). For XMM1, this
ielded upper limits of 0.006, 0.0014, and 0.002 ct s −1 for PN,
OS1, and MOS2, respecti vely. We conserv ati vely estimate the 

pper limit for the XMM observation to that inferred from the MOS2
ata, which corresponds to a 0.2–2 keV observed (unabsorbed) flux 
f 1 × 10 −14 erg s −1 cm 

−2 (2 × 10 −14 erg s −1 cm 

−2 ), assuming
he spectral model inferred from the eRASS5 observation. The 
ame procedure was repeated for XMM2, where we inferred upper 
imits of 0.003, 0.0014, and 0.0010 ct s −1 for PN, MOS1, and

OS2, respectively, translating to 2 σ upper limits on the observed 
unobserved) flux of 6 × 10 −15 erg s −1 cm 

−2 (1 × 10 14 erg s −1 cm 

−2 ).

.4 Swift XRT 

dditional Swift XRT (Burrows et al. 2005 ) observations of J1331 
ere performed between 2022 February 27 and 2022 August 24. 5 

he XRT observations were performed in photon counting mode, 
ith the data analysed using the UK Swift Science Data Centre’s

UKSSDC) online XRT product building tool (Evans et al. 2007 , 
009 ). No source was detected in the 0.3–2 keV band at the position
f J1331 in any follow-up observation. The 0.3–2 keV count rates
ere converted to 0.2–2 keV fluxes using webPIMMs, 6 assuming 

he same spectral model as from the eROSITA eRASS5 detection, 
ith the fluxes presented in Table D1 . 

.5 Archi v al X-ray obser v ations 

 detailed analysis of the ultra-soft outburst from 

XJ133157.6324319.7, detected by pointed ROSAT PSPC 
 ht tps://www.cosmos.esa.int /web/xmm- newton/sas- thread- epic- filterbackg 
ound 
 The delay between the eRASS5 and Swift observations stemmed from the 
anuary 2022 reaction wheel failure onboard the Swift observatory. 
 https:// heasarc.gsfc.nasa.gov/ cgi-bin/ Tools/ w3pimms/ w3pimms.pl 

n
u

3

C
n  
bservations in the early 1990s, was previously performed in 
ampel et al. ( 2022 ). In summary, the flare was characterized by an
 × increase in the 0.1–2.4 keV flux, relative to a 2 σ upper limit,
 v er an 8 d period (and a net increase in the same band by a factor of
t least 40 relative to the deepest upper limit available). The X-ray
pectrum at peak observed brightness was well fitted by a blackbody
ith kT = 0.11 ± 0.03 keV. The system was then not detected in

wo PSPC observations ∼165 d later, where it had faded by a factor
f at least 30 relative to the peak observed ROSAT flux. 
To construct a long-term 0.2–2 keV light curve, the 0.1–2.4 keV

OSAT PSPC light-curve data in table 1 of Hampel et al. ( 2022 ) were
onverted into 0.2–2 keV band fluxes using webPIMMs, assuming 
he best-fitting spectral model to the ROSAT spectrum found in 
ampel et al. ( 2022 ). Then, the 2 σ upper limits from ROSAT Surv e y,
MM Slew, and Swift XRT observations were computed using the 
igh-Energy Lightcurve Generator server (K ̈onig et al. 2021 ; Saxton

t al. 2021 ); the archi v al fluxes are presented in Fig. 1 and Table D1 .

.6 UV, optical, and mid-infrared photometry 

1331 was observed both before (Section 2.5 ) and after (Section 2.4 )
he eRASS5-detected outburst by Swift XRT and Ultra-violet Optical 
elescope (UV O T, UVM2 filter; Roming et al. 2005 ). To search for

ransient UV emission, aperture photometry was performed on the 
evel 2 UV O T sky images (downloaded from the UKSSDC) using the
votsource task ( HEASOFT v6.29, CALDB v20201215). Source 
ounts were extracted from a circular aperture of 5 arcsec radius,
entred on the Gaia position of the host of J1331, and background
ounts were extracted from a source-free region of radius 15 arcsec.
he measured UVM2 magnitudes in the follow-up observations are 
onsistent with the archi v al measured UVM2 magnitudes on the 2018
pril 18, 2018 April 22, and 2018 April 26 (Table E1 ). 
No significant optical variability is seen in the ∼6 yr before the

RASS5 outburst (57500 � MJD � 59500) in the forced photometry
ight curve provided by ATLAS (Tonry et al. 2018 ) (Fig. E1 ). Lastly,
e note that no major variability is detected abo v e the host galaxy

mission within the Near-Earth Object Wide-field Infrared Survey 
xplorer ( NEOWISE ) mid-infrared light curve between MJD ∼
6680 and 59400 (Fig. E1 ), which was generated using the procedure
escribed in section 3.2 of Malyali et al. ( 2021 ). 

.7 Radio 

e observed the coordinates of J1331 on 2022 March 2 with the
ustralia Telescope Compact Array (ATCA) radio telescope in 6 km 

onfiguration, using the 4 cm dual receiver with central frequencies 
.5/9 GHz, each with a 2 GHz bandwidth split into 2049 × 1 MHz
pectral channels, and for a total of 150 min on source. Data were
educed following standard procedures in the Common Astronomy 
oftware Applications (McMullin et al. 2007 ; CASA-TEAM et al. 
022 ). We used 1934–638 for flux and bandpass calibration and
336–260 for phase calibration. Images of the target field were 
reated using the CASA task tclean . No source was detected at
he location of J1331 at either frequency band with a 3 σ upper limit
f 73.5 μJy/bm at 5.5 GHz and 54 μJy/bm at 9 GHz. Additionally,
o source was detected in a stacked 5.5 and 9 GHz image, with a 3 σ
pper limit of 57.9 μJy/bm at a central frequency of 7.3 GHz. 

 DI SCUSSI ON  

omparing the X-ray light curve of J1331 with other ultra-soft 
uclear transients (Fig. D4 ) from galaxies that were recently qui-
MNRAS 520, 3549–3559 (2023) 

https://www.cosmos.esa.int/web/xmm-newton/sas-thread-epic-filterbackground
https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3pimms/w3pimms.pl
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M

Figure 1. Long-term 0.2–2 keV light curve of J1331, with circular and triangle markers representing observed fluxes and 2 σ upper limits, respectively. The 
initial outburst was detected by ROSAT in 1993, before being observed by eROSITA in 2022 to have rebrightened to a similar 0.2–2 keV observed flux. The 
X-ray spectra remained ultra-soft in each observation where the source was detected. For plotting clarity, we include the time-averaged flux measurement for 
eRASS5 and omit the NICER upper limits. 
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scent, or hosted low-luminosity AGNs, J1331 decays faster than the
ajority of other X-ray bright TDEs, 7 but decays o v er much longer

ime-scales than the bursts typically seen in QPEs (burst durations
 30 ks, or � 0.3 d; Miniutti et al. 2019 ; Giustini et al. 2020 ; Arcodia

t al. 2021 , 2022 ). 
Given the quiescent nature of the host galaxy, and the ultra-soft

-ray spectrum, an AGN origin for J1331 is disfa v oured. We also
ule out a mechanism similar to that producing the X-ray flares
bserved in Sgr A ∗ (e.g. Neilsen et al. 2013 ; Ponti et al. 2015 ,
017 ; Yuan & Wang 2016 ; Mossoux et al. 2020 ), as the latter are
learly observationally distinct to J1331, with respect to the flaring
ime-scales (Sgr A ∗ flare durations � 10 4 s; Mossoux et al. 2020 ),
pectral properties (flaring X-ray emission in Sgr A ∗ is hard and
ikely synchrotron; e.g. Ponti et al. 2017 ), and peak observed
uminosity (bolometric luminosity of Sgr A ∗ is ∼10 36 erg s −1 ;
enzel, Eisenhauer & Gillessen 2010 ). Arguments against a Galactic
rigin for this system have previously been presented in Hampel et al.
 2022 ). 

Ultra-soft X-ray flares from quiescent galaxies have previously
een considered as a reliable signature of a TDE (e.g. Zabludoff et al.
021 ). Ho we ver, the current theoretically predicted TDE rates are
 10 −4 yr −1 galaxy −1 (Stone et al. 2020 ), so it would be exceptionally

nlikely to have observed two independent tidal disruption flares
ccurring within the same galaxy o v er an ∼30 yr time-scale (Poisson
robability ∼5 × 10 −6 ; Fig. C2 ); a more exotic class of TDEs would
eed to be invoked to explain J1331. 

One such possibility, discussed in Hampel et al. ( 2022 ), is that
1331 was produced by a TDE involving a supermassive black hole
NRAS 520, 3549–3559 (2023) 

 Ignoring short time-scale flaring behaviour seen in some TDE candidates, 
uch as AT 2019ehz (van Velzen et al. 2021b ). 

fi
 

p  

U  
inary (SMBHB). This scenario was partly proposed in an attempt
o explain the fast X-ray brightening observed by ROSAT , since
uch TDEs may have highly non-monotonic decays of their X-ray
ight curves. This stems from the gravitational interaction between
he companion BH and the debris streams, which may cause large
erturbations to the orbits of the less bound debris and cause their
haotic evolution, as well as a complex evolution of the accretion
ate o v er time. Liu, Li & Komossa ( 2014 ), Ricarte et al. ( 2016 ), and
oughlin et al. ( 2017 ) predict these systems to show sharp dips and

ises in the X-ray light-curve rate (of ∼1–2 orders of magnitude), on
ime-scales of the order of the binary orbital period (Liu et al. 2014 ;
icarte et al. 2016 ), although Coughlin et al. ( 2017 ) find highly
ariable accretion rates between different simulation runs and o v er
ime-scales shorter than the SMBHB orbital periods (i.e. there still
eems to be quite large uncertainties in the theoretically predicted
ight curves of TDEs involving SMBHBs). 

Under the SMBHB scenario, both the eR OSITA and R OSAT obser-
ations would have had to have sampled a ‘dipping’, or ‘brightening
rom a dip’, phase of the X-ray light curv e, respectiv ely. F or binary
rbital periods of the order of ∼months, assuming ∼mpc binary
eparation as in Liu et al. ( 2014 ), it would be quite fortuitous for us
o hav e observ ed such behaviour. Furthermore, there is importantly
o evidence for late-time X-ray rebrightening episodes in the months
fter each outburst, as seen by XMM and Swift (Fig. 1 ), which
ne might expect to have observed given that the accretion rate is
redicted to eventually revert back to the t −5/3 decay following ‘dips’
e.g. fig. 12 in Coughlin et al. 2017 ). We would therefore disfa v our
1331 being caused by a full TDE around an SMBHB, given the
ne-tuning needed in order to match observations. 
A more feasible scenario is that both outbursts were driven by a

artial tidal disruption event (pTDE), potentially of the same object.
nless the pTDE rate is orders of magnitude larger than currently
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Figure 2. Zoom-in on the first eROSITA-detected outburst in 2022, along 
with multiple power-law decay slopes plotted in grey dashed lines. The decay 
slope appears to be much steeper than the canonical t −5/3 decay predicted 
for TDEs with a uniform distribution of specific energies, and appears more 
consistent with a t −4 decay, as predicted in Ryu et al. ( 2020 ). We assume a 
peak MJD of 59593 for the X-ray outburst, and roughly estimate the MJD of 
disruption to be 59581 (Appendix C ). The markers follow the same legend 
as for Fig. 1 . 
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stimated in the literature (Stone & Metzger 2016 ; Chen & Shen
021 ; Zhong et al. 2022 ), both outbursts would likely be related
o the same star being disrupted by the same black hole (i.e. the
tar should hav e surviv ed the initial encounter). Considering that 
he recurrence time-scale of J1331 is � 30 yr, it is also difficult to
econcile this with theoretical predictions for the recurrence time- 
cales of flares in pTDEs where the star was initially scattered on
o a parabolic orbit around the black hole ( � 400 yr; e.g. Ryu et al.
020 ). Instead, the flaring may have been driven by the repeated
tripping of a star on an elliptical orbit by the disrupting SMBH
see Hayasaki, Stone & Loeb 2013 , for a discussion on potential
rigins for such stars). This scenario would be further supported by 
oth the relatively small amount of inferred energy emitted in the 
ROSITA-detected outburst 8 of (5 + 6 

−3 ) × 10 49 erg, corresponding to 
n accreted mass of (5 + 7 

−2 ) × 10 −4 ( ε/ 0 . 05) −1 M �, where ε is the
adiati ve ef ficiency of accretion, and also by the extremely low L X at
ate times (as suggested by the non-detection and deep upper limits
n XMM2), since elliptical TDEs are predicted to produce short- 
ived, finite accretion bursts (Hayasaki et al. 2013 ). Given this, and
hat the radio observations were taken ∼40 d after the eRASS5 flare
Section 2.7 ), we note that we may have missed any associated jet or
utflow launched in this event, as seen in other TDE candidates (e.g.
oodwin et al. 2022 ). 
The case for a repeated pTDE is further enhanced by the fast rise

nd decay time-scales seen with R OSAT and eR OSITA. Compared 
ith full disruptions, pTDEs only strip the outermost layers of the 

tar, with the specific energy distribution of the debris, d M /d E ,
iffering from full TDEs (e.g. Coughlin & Nixon 2019 ; Miles,
oughlin & Nixon 2020 ; Ryu et al. 2020 ). Since the mass fallback

ate, Ṁ fb ( t), scales ∝ d M /d E , Ṁ fb ( t) is also predicted to differ
etween full and pTDEs. Ryu et al. ( 2020 ) find that the narrower
preads in d M /d E for pTDEs can yield Ṁ fb ( t) ∝ t −p , where p ∼ 2–5,
ore consistent with what is observed in J1331 (Fig. 2 ), and much

teeper than a canonical t −5/3 decline predicted for the mass fallback 
ate in full TDEs (Rees 1988 ; Phinney 1989 ). 

Lastly, although the mass fallback in weak pTDEs may evolve over 
horter time-scales relative to full TDEs, the viscous time-scale, t visc , 
till needs to be shorter than the minimum orbital period of the
 Assuming a similar temporal evolution for both the eROSITA-detected and 
OSAT -detected outbursts (see Appendix C ). 

s

t  

o

tellar debris so that the X-ray luminosity traces the mass fallback
ate (assuming a constant radiative efficienc y, ne gligible obscuration 
f the soft X-rays, and negligible disc cooling). Considering t visc ∼
−1 ( H / R ) −2 �−1 ( r ), where α is the viscosity parameter (Shakura &
unyaev 1973 ), H and R are the scale height and width of the disc,
espectively, and �−1 ( r ) is the orbital period at distance r from the
lack hole, then t visc ∼ 0.4( α/0.1) −1 ( H / R ) −2 d at the circularization
adius ( ∼2 R tidal / β, where R tidal and β are the tidal radius and impact
arameter for the disruption, respectively). A geometrically thick disc 
 H / R ∼ 1), as may be expected to form for super-Eddington mass
 allback rates, w ould be needed to reproduce accretion time-scales
f the order of ∼days as seen in J1331. Ho we ver, it is currently
nclear how the stellar debris might circularize so efficiently in a
eak pTDE (see Bonnerot & Stone 2021 , for a re vie w on accretion
ow formation in TDEs), and we also highlight here that similar
oncerns have recently been raised for explaining the short X-ray flare 
urations observed in QPEs via an accretion origin (e.g. Krolik &
inial 2022 ; Lu & Quataert 2022 ). Although future simulations
 ould lik ely be needed to explore the debris circularization in

1331-like e vents, alternati ve origins for the X-ray emission may
e from compression shocks of the debris streams at pericentre 
e.g. Steinberg & Stone 2022 ) or circularization shocks from debris
tream collisions (Krolik & Linial 2022 ; Lu & Quataert 2022 ). 

 SUMMARY  

1331 is a repeating X-ray transient associated with a quiescent 
alaxy at z = 0.051 89, which we consider to be consistent with
 scenario involving two weak pTDEs. While several previously 
eported pTDE candidates have occurred in galaxies hosting an AGN, 
e highlight that the host of J1331 is quiescent. The main properties
f J1331 can be summarized as follows: 

(i) J1331 was first detected by ROSAT in 1993 (Hampel et al.
022 ), where it had shown an ultra-soft ( kT = 0.11 ± 0.03 keV)
aring by a factor of at least 40 relative to a previous 2 σ upper limit.
he outburst also showed a fast rise, where it had brightened by a

actor of 8 o v er an 8 d period. The system was subsequently not
etected in a deep pointed ROSAT observation ∼165 d afterwards, 
s well as in XMM Slew, and Swift XRT observations performed
etween 2006 and 2018 (Table D1 ). 

(ii) After not being detected by eROSITA in its first four eRASS,
1331 was observed to have brightened in eRASS5 to a 0.2–2 keV
ux of (6.0 ± 0.7) × 10 −13 erg s −1 cm 

−2 . The eRASS5 spectrum
s ultra-soft ( kT = 0 . 115 + 0 . 007 

−0 . 007 keV), and is consistent with the kT
alue inferred from the ROSAT -observed flare in 1993. 

(iii) J1331 was not detected during pointed XMM observations 
nd Swift XRT observations when followed up after the eRASS5 
etection; the first (second) XMM observation constrains the 0.2–
 keV flux to decay by a factor of � 40 ( � 100) o v er a 17 ( ∼200)
 period after the eRASS5 observation. The faint 0.2–2 keV X-ray
uminosities ( < 7 × 10 40 erg s −1 , unabsorbed) at ∼200 d post-peak
rightness, inferred via the second XMM observation (Table D1 ), 
ay be due to a late-time drop-off in the mass fallback rate once the

isruption episode is o v er. 
(iv) Combined with the fast rise time-scale seen by ROSAT , J1331-

ike outbursts are short-lived (rise and decay time-scales of 6 + 1 
−1 and

 . 9 + 0 . 1 
−0 . 1 d, respectively; Appendix C ) and evolv e o v er shorter time-

cales relative to full TDEs. 
(v) J1331 has only been observed to show transient emission in 

he 0.2–2 keV band, with no transient optical, UV, or radio emission
bserved in follow-up observations. 
MNRAS 520, 3549–3559 (2023) 
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We conclude by noting that J1331 appears to fill in the continuum
f observed soft X-ray outbursts from quiescent galaxies, lying in
etween QPEs and TDEs with respect to its rise and decay time-
cales (Fig. D4 ), although the recurrence time-scales are much longer
han those in the current sample of QPEs. Additional follow-up
bservations will be scheduled in order to more tightly constrain
he recurrence time-scales of outbursts from J1331. Future planned
-ray missions geared towards exploiting the X-ray transient sky,

uch as the Einstein Probe (Yuan et al. 2018 ), will likely be sensitive
owards detecting similar partial disruptions; for these missions,
he eROSITA all-sky survey data may play an important role by
roviding a long-term baseline towards which new candidates can be
dentified. Given the faster decay time-scales of J1331-like systems,
e would advocate promptly triggering high-cadence X-ray follow-
p in order to better constrain the evolution of the accretion rate in
uture candidates. 
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ATA  AVA ILA BILITY  

he eRASS1–4 data taken within the German half of the eROSITA 

ky are currently planned to be made public by Q2 2024, while
he eRASS5 data are scheduled to become public by Q2 2026. 
he Swift data are available to download through the UK Swift
ata Science website, 9 while the NICER data are accessible through 
ASA’s HEASARC interface. 10 Publicly available ATLAS data can 
e accessed through the ATLAS forced photometry service, 11 and 
EOWISE light curves can be accessed through the IRSA web 
ortal. 12 ATCA data are stored in the Australia Telescope Online 
rchive, 13 and will become publicly accessible 18 months from 

he date of observation. The XMM data will become public after 
he proprietary period expires (2023 August 30). Follow-up optical 
pectra will likely remain pri v ate at least until the release of the
orthcoming eROSITA-selected TDE population paper, but could be 
ade available upon reasonable request. 
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Figure B1. Optical spectra of J1331, with the first follow-up spectrum being 
obtained on 2022 February 12, ∼23 d after the last eRASS5 detection. 
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PPENDIX  A :  H O S T  G A L A X Y  PROPERTIES  

sing the correlation reported in Kettlety et al. ( 2018 ) between galaxy
otal stellar mass, M � , and luminosity in the WISE W 1 band, L W1 , we
nfer log( M � /M �) = 10.15 ± 0.09 for the host galaxy. Combining
his with the M BH –M � relation in Reines & Volonteri ( 2015 ) suggests
 black hole mass of log( M BH /M �) = 6.5 ± 0.2. The finder chart for
1331 is presented in Fig. A1 . 
NRAS 520, 3549–3559 (2023) 

igure A1. Le gac y Surv e y DR10 (early) g -band cut-out image of the sky 
egion surrounding eRASSt J133158 −324321. The dark orange circle is 
he error circle for RXJ133157.6324319.7 inferred from ROSAT pointed 
bservations in Hampel et al. ( 2022 ), while the red and blue circles denote 
he 3 σ error circles on the source position inferred from eROSITA and 
MM MOS2 observations (although the detection of J1331 in the first XMM 

bservation is uncertain and we quote upper limits on the count rates for this 
n Section 2.3 , we include it in this finder chart for completeness). The cyan 
tar marks the Gaia EDR3 (Gaia Collaboration 2021 ) position of the host 
alaxy. 
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PPENDI X  B:  O P T I C A L  SPECTROSCOPY  

CO spectrum (2022 February 12) : J1331 was observed with the low-
ispersion FLOYDS spectrograph on the LCOGT 2 m telescope at
iding Spring Observatory operated by the Las Cumbres Observatory
LCO; Brown et al. 2013 ) on 2022 February 12 (proposal ID
ON2022A-001, PI: M. Salvato). We obtained an exposure of 1800
 using the ‘red/blue’ grism and the 2 arcsec slit oriented along the
arallactic angle. The spectrum has a wavelength range of 3200–
0 000 A with dispersions of 3.51 and 1.74 A/pixel in the blue (3200–
700 A) and red (5400–10 000 A) bands, respectively. The data were
educed and calibrated using the automatic FLOYDS pipeline. The
gAr and Zn lamps were used for wavelength calibration and a
ungsten-Halogen + Xenon lamp for flat-fielding. A sensitivity
unction from the FLOYDS archive was used for flux calibration. 

WiFeS spectrum (2022 May 9) : We observed J1331 with the Wide
ield Spectrograph (WiFeS; Dopita et al. 2010 ) on the Australian
ational University (ANU) 2.3 m telescope at Siding Spring Ob-

ervatory on 2022 May 8 (proposal ID 2220157, PI: Miller-Jones).
e obtained 2 × 2400 s exposures using the R3000 and B3000

ratings and a NeAr arc lamp exposure immediately following the
arget exposures. The data were reduced using standard procedures
ncluding the PyWiFeS reduction pipeline (Childress et al. 2014 ).
TT4364 was used as the flux standard and a quartz-iodine lamp
as used for flat-fielding. We then chose the slitlets with the most

ignificant flux from the calibrated spectra obtained from the pipeline
nd performed background subtraction, resulting in a spectrum with
 spectral range of 3500–9000 Å. 

Each follow-up optical spectrum appears to be consistent with a
uiescent host galaxy (Fig. B1 ), with no TDE-like optical emission
eatures detected, nor any transient features relative to the NOT spec-
rum taken on 1999 January 26 and presented in Hampel et al. ( 2022 ).

PPENDI X  C :  I NFERRI NG  T H E  O U T BU R S T  

ROPERTIES  

o obtain a coarse reconstruction of the 2022 outburst, we perform a
oint fit of the rising light curve from 1993, observed by ROSAT , and
he decay light curve from 2022, observed by eROSITA and XMM ,
sing 

 X ( t) = F X , max ×
{

exp 
[−( t − t peak, 1 ) 2 / 2 σ 2 

]
if t < t peak, 1 

exp 
[−( t − t peak, 2 ) /τ

]
if t > t peak, 2 

, (C1) 

where the free parameters of this model are σ (the rise time-scale),
 peak,1 and t peak,2 (the peak time of the ROSAT and eROSITA outbursts,
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Figure C1. Inferred full outburst (red) for the flaring observed by eROSITA 

in 2022, assuming the model described in equation ( C1 ). The markers follow 

the same legend as for Fig. 1 . The darker and lighter shaded red bands enclose 
the inner 68 and 98 per cent of the posterior, respectively. 

Figure C2. Poisson probability of N ≥ 2 TDEs occurring within a 30 yr 
period for a given galaxy. The red dotted lines mark the estimated probability 
for current theoretical estimates for TDE rates (10 −4 yr −1 gal −1 ; Stone et al. 
2020 ). The grey dashed lines mark out the TDE rates of 0.15, 0.05, and 0.01 
per 30 yr −1 gal −1 , required to produce probabilities of 0.01, 0.001, and 
0.0001, respectively. 
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Table C1. Priors adopted in the fitting of the 1993 and 2022 outbursts. The 
rise and decay time-scales are in units of days. t peak,1 and t peak,2 are in MJD, 
while F max is the maximum 0.2–2 keV flux of each outburst (with upper 
bound set by the Eddington luminosity of the system). 

Parameter Prior 

log( σ ) ∼U [0 , log (50)] 
t peak,1 ∼U (49 006 , 49 178) 
t peak,2 ∼U (58 450 , 58 650) 
log( τ ) ∼U [0 , log (50)] 
log( F X, max ) ∼U [ log (5 × 10 −13 ) , log (4 × 10 −11 )] 
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Table D1. X-ray light-curve table for J1331. The fluxes from the ROSAT 
pointed observations were derived from Hampel et al. ( 2022 ). The first four 
eROSITA observations listed, between MJD 58868 and 59419, are upper 
limits estimated from eRASS1, 2, 3, and 4, respectiv ely; eROSITA flux es 
outside of this window have been computed from the individual visits within 
eRASS5. 

MJD Observation F 0.2–2 keV,obs F 0.2–2 keV,unabs 

(10 −13 erg cm 

−2 s −1 ) (10 −13 erg cm 

−2 s −1 ) 

48260.000 ROSAT /RASS <2.9 <4.5 
48844.598 ROSAT /Pointed <0.2 <0.4 
49006.094 ROSAT /Pointed <1.2 <1.9 
49012.146 ROSAT /Pointed 6.1 ± 0.7 9.4 ± 1.0 
49012.180 ROSAT /Pointed 8.9 ± 1.9 13.8 ± 2.9 
49013.591 ROSAT /Pointed 10.0 ± 1.1 15.5 ± 1.7 
49178.555 ROSAT /Pointed <0.7 <1.0 
49178.766 ROSAT /Pointed <0.3 <0.5 
53745.291 XMM /Slew <3.8 <5.9 
57056.039 XMM /Slew <5.4 <8.3 
57241.869 XMM /Slew <8.3 <12.8 
58226.719 Swift /XRT <0.9 <1.4 
58230.707 Swift /XRT <0.5 <0.8 
58234.028 Swift /XRT <0.8 <1.2 
58868.114 SRG /eROSITA <0.3 <0.4 
59051.625 SRG /eROSITA <0.5 <0.7 
59229.875 SRG /eROSITA <1.3 <1.7 
59418.532 SRG /eROSITA <0.5 <0.7 
59599.448 SRG /eROSITA 10.8 ± 8.0 14.4 ± 10.6 
59599.614 SRG /eROSITA 3.4 ± 1.7 4.6 ± 2.2 
59599.781 SRG /eROSITA 5.7 ± 1.5 7.7 ± 2.0 
59599.948 SRG /eROSITA 4.9 ± 1.2 6.5 ± 1.6 
59600.114 SRG /eROSITA 5.1 ± 1.3 6.9 ± 1.7 
59600.281 SRG /eROSITA 2.6 ± 1.1 3.5 ± 1.5 
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espectively), τ (the decay time-scale), and F X,max (the peak flux of 
oth outbursts), with the priors on these parameters listed in Table C1 .
e assume that the upper bound on the peak luminosity must be less

han the Eddington luminosity for the SMBH, and that both outbursts
ave the same peak luminosity. We then assume that the rise for
022 outburst was similar to the 1993 outburst (see below), and use
ts modelled rise to approximate that of the unobserved rise of the
022 outburst. From this fitted light-curve model (Fig. C1 ), we then
omputed the integrated 0.2–2 keV luminosity, and corrected this to 
 bolometric luminosity using the best-fitting X-ray spectral model. 
he inferred energy emitted in each outburst is (5 + 6 

−3 ) × 10 49 erg,
orresponding to an accreted mass of (5 + 7 

−2 ) × 10 −4 ( ε/ 0 . 05) −1 M �,
here ε is the radiative efficiency of accretion, while the inferred 
eak MJD for each outburst are 49 024 + 6 

−6 and 59 593 + 3 
−2 . The inferred

and τ are 6 + 1 
−1 and 3 . 9 + 0 . 1 

−0 . 1 d, respectively, and we roughly estimate
he MJD of disruption to be 59 593 − 2 ∗σ ∼ 59 581. 

It is of course extremely important to consider that these estimates 
re subject to a number of caveats, mainly related to our observations
ot co v ering the rise of the 2022 outburst, such that the estimated
alues here should be treated with caution. For example, it is assumed
hat the outburst can be well modelled by equation ( C1 ), and that
oth the 1993 and 2022 outbursts are similar, whereas the actual 
ight curve may have had an extended plateau phase prior to the
ROSITA detection (so our estimated fluence and accreted mass 
ould be underestimated). 
Ho we ver, if the 2022 outburst does evolve relatively closely to

he functional form in equation ( C1 ), then it may be reasonable to
onsider that the rise time-scale for the flare in 1993 is similar to
hat observed in 2022 (under a tidal disruption scenario), due to
he approximately constant eccentricity of the stellar remnant after 
epeated partial disruptions (Antonini, Lombardi & Merritt 2011 ), 
nd the weak dependence of the period of the most bound debris on
he stellar mass (Hayasaki et al. 2013 ). 

PPENDI X  D :  A D D I T I O NA L  X - R AY  

N F O R M AT I O N  

he BXA -fitted model to the eRASS5 spectrum is shown in Fig. D1 ,
nd the eRASS5 light curve is shown in Fig. D2 . The NICER count
ate light curve is plotted in Fig. D3 , while the full X-ray light curve
f J1331 is presented in Table D1 . A comparison of the X-ray light
urve of J1331 with other nuclear transients is presented in Fig. D4 .
MNRAS 520, 3549–3559 (2023) 
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Table D1 – continued 

MJD Observation F 0.2–2 keV,obs F 0.2–2 keV,unabs 

(10 −13 erg cm 

−2 s −1 ) (10 −13 erg cm 

−2 s −1 ) 

59600.448 SRG /eROSITA 9.0 ± 2.4 12.0 ± 3.2 
59600.614 SRG /eROSITA 6.4 ± 3.5 8.5 ± 4.6 
59604.892 NICER /XTI <8.6 <13.8 
59605.566 NICER /XTI <10.3 <16.6 
59606.082 NICER /XTI <9.5 <15.3 
59607.533 NICER /XTI <7.7 <12.3 
59608.280 NICER /XTI <6.6 <10.6 
59609.473 NICER /XTI <6.3 <10.1 
59610.119 NICER /XTI <7.3 <11.7 
59611.432 NICER /XTI <6.5 <10.4 
59612.210 NICER /XTI <8.1 <13.0 
59613.305 NICER /XTI <7.6 <12.3 
59614.210 NICER /XTI <8.1 <13.1 
59615.500 NICER /XTI <6.9 <11.1 
59616.889 NICER /XTI <6.2 <10.0 
59617.287 XMM /Pointed <0.1 <0.2 
59617.598 NICER /XTI <5.5 <8.8 
59618.630 NICER /XTI <5.5 <8.8 
59619.666 NICER /XTI <5.6 <9.0 
59620.463 NICER /XTI <5.8 <9.4 
59621.229 NICER /XTI <9.5 <15.3 
59622.488 NICER /XTI <9.8 <15.8 
59623.102 NICER /XTI <12.2 <19.6 
59624.362 NICER /XTI <6.5 <10.5 
59638.031 Swift /XRT <0.8 <1.4 
59766.375 Swift /XRT <0.7 <1.2 
59773.061 Swift /XRT <24.6 <43.7 
59774.292 Swift /XRT <2.2 <3.9 
59778.974 Swift /XRT <0.8 <1.4 
59780.760 Swift /XRT <0.8 <1.5 
59787.468 Swift /XRT <0.8 <1.4 
59794.352 Swift /XRT <0.8 <1.4 
59797.916 XMM /Pointed <0.06 <0.10 
59801.282 Swift /XRT <0.5 <1.0 
59808.180 Swift /XRT <0.9 <1.6 
59815.534 Swift /XRT <0.8 <1.4 

F
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u

Figure D2. 0.2–2 keV band eRASS5 light curve of J1331. The blue and grey 
markers denote the inferred source and background count rates in the source 
aperture, respectively. Times are measured relative to the start of the earliest 
observation of J1331 in eRASS5, t eRASS5,0 . J1331 is clearly detected abo v e 
background in each visit. 

Figure D3. NICER count rate light curve in the 0.4–2 keV band, with blue 
markers denoting the total observed count rate (source and background) and 
grey markers representing the estimated background rate inferred using the 
3C50 background model (Remillard et al. 2022 ). The system is not detected 
at 2 σ abo v e background in each NICER OBSID. 
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igure D1. BXA fit of a tbabs ∗zbbody model to the eRASS5 spectrum. 
he solid red line represents the median model fit, while the shaded red region 
ncloses the inner 98 per cent of the credible region. The X-ray spectrum is 
ltra-soft with kT = 0 . 115 + 0 . 007 

−0 . 007 keV. 
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igure D4. Comparison of the 0.2–2 keV X-ray light-curve evolution of
1331 (red markers) with other soft nuclear transients from quiescent galaxies 
or those recently hosting low-luminosity AGNs). J1331 decays in L X o v er
onger time-scales than QPEs (orange for eROQPE1; Arcodia et al. 2021 ),
ut still o v er much shorter time-scales than previously reported TDEs in the
iterature, such as ASAS-SN 14li (grey; Bright et al. 2018 ), AT 2019azh decay
hase (blue; Hinkle et al. 2020 ), and AT 2019dsg (pink; Cannizzaro et al.
021 ). t peak for J1331 was set to MJD = 59592.9, following the assumptions
escribed in Appendix C . 

PPEN D IX  E:  A D D I T I O NA L  PHOTOMETRI C  

N F O R M AT I O N  

able E1 contains the Swift UV O T aperture photometry of the host
alaxy of J1331, while Fig. E1 shows the long-term ATLAS and 
EOWISE light curves of J1331. 
able E1. Swift UVM2 photometry of the host galaxy of J1331. 

JD Magnitude 

8226.727 23.1 ± 1.0 
8230.747 22.9 ± 0.6 
8234.068 22.3 ± 0.4 
9638.032 22.2 ± 0.3 
9766.376 23.0 ± 0.7 
9774.294 22.8 ± 1.0 
9778.975 22.5 ± 0.6 
9780.762 22.9 ± 0.8 
9794.353 22.7 ± 0.6 
9801.283 22.5 ± 0.4 
9808.181 22.8 ± 0.6 
9815.535 22.5 ± 0.5 

igure E1. No major variability is seen within the ATLAS forced photometry
enerated on the difference imaging (top), nor within the NEOWISE light
urve (bottom). 

his paper has been typeset from a T E 

X/L 

A T E 

X file prepared by the author. 
MNRAS 520, 3549–3559 (2023) 

ril 2023

art/stad022_fD4.eps
art/stad022_fE1.eps

	1 INTRODUCTION
	2 REDISCOVERY AND FOLLOW-UP
	3 DISCUSSION
	4 SUMMARY
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY
	REFERENCES
	APPENDIX A: HOST GALAXY PROPERTIES
	APPENDIX B: OPTICAL SPECTROSCOPY
	APPENDIX C: INFERRING THE OUTBURST PROPERTIES
	APPENDIX D: ADDITIONAL X-RAY INFORMATION
	APPENDIX E: ADDITIONAL PHOTOMETRIC INFORMATION

