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Multiwavelength flares from tidal disruption and accretion of stars

lies at a redshift of 0.145, or a luminosity distancel®f = 689 Mpc
(for Ho=70 km s Mpc™*, Qum = 0.3, Qa = 0.7), with strong emis-
sion lines indicative of intense star-forming activity.hts a total stel-
lar mass of~6 x 10° My (seed), comparable to that of the Large
Magellanic Cloud. For such a small galaxy, we ex@me central su-
permassive black hole (SMBH) to have mask)® M.

The upper panel in Figure 2 shows the long-term evolutiorhef t
X-ray luminosity Lx. Our best fits to the spectra with sufficient counts
are shown in the lower panel of the figure and are given in TEb@ne
striking property of the source is the fast-rise-very-sib@cay outburst
profile. It was not detected in the fir€handra observation on April
2nd 2005, withLx < 4.3 x 10*! erg s* (3¢ upper limit, assuming
a powerlaw source spectrum of photon index 2.0). Less thaortim
later (July 23rd 2005), the source was detected in thexivil-Newton
observation, with.x ~ 5.5 x 10*2 erg s'!. It was detected at an even
higher luminosity three years later, in o@bandra observation on June
5th 2008 and twoXMM-Newton observations in February 2009, with
Lx ~ 7.0 x 10*® erg s~*. The luminosity decreased only slightly to
~ 3.0 x 10" erg s7* in sevenChandra observations in March—April
2011. Similar luminosities were seen in our follow-up olsé&bns

can be used to find and study otherwise dormant massive blaCkIater, one bySwift on March 28th 2014, one bghandra on February

holes in galactic nuclef. Previous well-monitored candidate flares
are short-lived, with most emission confined to within~1 yeam.
Here we report the discovery of a well observed super-longX11
years) luminous soft X-ray flare from the nuclear region of a dvarf
starburst galaxy. After an apparently fast rise within ~4 months
a decade ago, the X-ray luminosity, though showing a weak trel
of decay, has been persistently high at around the Eddingtolimit
(when the radiation pressure balances the gravitational frce). The
X-ray spectra are generally soft (steeply declining toward higher
energies) and can be described with Comptonized emissiondim
an optically thick low-temperature corona, a super-Eddingon ac-
cretion signature often observed in accreting stellar-mas black
hole€. Dramatic spectral softening was also caught in one re-
cent observation, implying either a temporary transition from the
super-Eddington accretion state to the standard thermal site or
the presence of a transient highly blueshifted{ 0.36¢) warm ab-
sorber. All these properties in concert suggest a tidal disrption
event (TDE) of an unusually long super-Eddington accretiorphase
that has never been observed before.

23rd 2015, and seven b§wift in February 2016. Given the proba-
bly small central SMBH and correcting for emission outsigle X-ray
band, the source luminosity has been most likely at arova&tiding-
ton limit since it went into the outburst.

Another special property of the source is the generally i@t
X-ray spectra, most evident in théMM-Newton and Chandra ob-
servations in 2008-2011. These spectra can be roughly ildedcr
with a dominant thermal disk of apparent maximum disk terapee
kTaiskon ~ 0.3 keV plus a weak powerlaw (se#). However, such
a model is physically unacceptable, because the standarddbre-
tion disk around a SMBH is expected to produce much cooler the
mal emission kTuiskby, < 0.1 keng. Instead, the spectra can be
described well with the Comptonization model ComﬁTwith an
optically thick ¢ ~ 4-11) low-temperaturek(. ~ 0.4-1.3 keV)
corona (seed). Such spectral parameters are commonly seen in ul-
traluminous X-ray sources (ULXEH ™2 most of which are believed
to be super-Eddington accreting stellar-mass black hebesept that
XJ1500+0154 had orders of magnitude higher luminositieberd-
fore, we identified the observations in 2008—2011 as beitigaisuper-

The X-ray source 3XMM J150052.0+015452 (XJ1500+0154 hefeddington accretion state.

after) was serendipitously detected in frequent obsaméiiof the
foreground galaxy group NGC 5813 by the X-ray observatdCiean-

Surprisingly, we obtained a much softer X-ray spectrum i@ th
Chandra observation in 2015, mostly due to a drop (by a factor of

dra and XMM-Newton from 2005 to 2011. Our follow-up observation7.0) in the count rate abovel keV (Figure 2), compared with the
of the source witltChandra on February 23rd 2015 provided a well conebservations in 2008—2011. This super-soft spectrum caleberibed

strained X-ray position coincident with the center of théagg SDSS
J150052.07+015453.8, to withif 08 (Figure 1, se&). The galaxy

with a dominant thermal disk ofT4iskp ~ 0.13 & 0.01 keV plus
a very weak powerlaw (Figure 2). Such a cool thermal disk is ex
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pected from accretion onto a SMBH below the Eddington lifitten mass accreted onto the black hole until the &gft observation would
the source could be in the thermal state, which in turn supgbe then be6.4 x 10°% ergs and 0.89/;, respectively, which are orders
identification of the super-Eddington accretion state evjmus obser- of magnitude higher than seen in other known evente?

vations. In this case the X-ray spectral evolution of XJHI54 is Although disruption of a very massive star of 0, with prompt
very similar to a transient ULX in M3 which changed from a super-circularization can also describe the data, such dismpgiexpected
Eddington accretion state to a thermal state within 20 dais the to be orders of magnitude rarer than disrupting a star 8f2 with
X-ray luminosity decreasing only slightly. However, we fitidt the slow circularization (se8l). Therefore our event provides the first con-
spectrum can be described equally well with the CompTT mtul vincing evidence of slow circularization effects in TDEshish are
fits theChandra observations in 2011, except for additional absorptiaskpected to be very common when the black holes are smally
by a strong Vi ~ 6 x 10** cm™?) ionized (og (&) = 2.8) absorber 1/.) but were not clearly observed before probably due to observ
with a blueshifted velocity of).36c. Powerful sub-relativistic winds tional biaZ®.

are expected in super-Eddington accreting black R3lemd highly We calculated the rate of events similar to XJ1500+0154 to be
blueshifted warm absorbers have been detected in &L Xherefore, ~4 x 1077 per galaxy per year (se8), which is about two orders
this interpretation for th&handra observation in 2015 also supports magnitude lower than estimated for short TBEsOne main rea-
the identification of the super-Eddington accretion staferévious ob- son for the low rate of events like XJ1500+0154 could be thatively
servations. The rece®wift observations in 2016 have poor s’[atistic$arge mass (2/) of the disrupted stars required, which is only possi-
but some of them did not seem to show similar super-soft XSgBc-  pje in starburst galaxi€% Although events like XJ1500+0154 are rare,
tra. Therefore, the source has not completely settled toestegte of thejr extreme duration and radiative inefficiency mean their contri-
super-soft X-ray spectra, and the super-Eddington acereems to ptions to the luminosity function of active galactic nicied to the
have lasted fog 11 years (sed). growth of the black holes are comparable to or even higher thase
No sign of persistent nuclear activity is seen in the opterais- of short events. TDEs with a shorter super-Eddington aicergthase
sion lines of the host galaxy, whose ratios are fully coesiswith than XJ1500+0154 could be more common. The discovery of\ante

those expected from a starburst galaxy. There are many ptbper-
ties of the source that argue against the possibility thatatstandard
active galactic nucleus (AGN, s&®). In particular, no AGN is known
to show X-ray spectra as soft as XJ1500+0154 within the 1kd\b
energy band or show dramatic quasi-soft to super-soft Xsp@gctral

opens up a new realm in which to search for super-Eddingtoretiag

TDEs, that is, by investigating sources with quasi-softa¥-spectra.
Our discovery of the other two candidates is the result ofyépg this

scheme.

This is the first time that X-ray spectra resembling typiagbes-

change. The large X-ray variability (a factor 987) is also extremely Eddington accreting stellar-mass black holes were obdervan ac-
rare among AGNs. Therefore, although we cannot completstyaut creting SMBH. If our interpretation of a super-Eddingtorcrating
that XJ1500+0154 is just a highly variable AGN at this poit#,X- TDE for XJ1500+0154 is correct, it would have important iroa#
ray outburst is best explained as tidal disruption of a syahb central tions for the growth of massive black holes. The detectioquasars at
black hole. This interpretation is strongly supported by wew dis- redshiftz > 6 with black hole masses 10° M., poses a problem to
covery of two other sources that seemed to be in X-ray outbwih explain their growth with accretion via a standard thin disithe Ed-
similar quasi-soft X-ray spectra as XJ1500+0154 but hasedelaxies dington rat€”. However, their formation would be possible if the black
showing no sign of nuclear activity in optical (s89. holes can accrete at a super-Eddington rate during an e

The super-Eddington accretion phase from tidal disruptbm Our event shows that super-Eddington accretion onto madsack
solar-type star by 40° M, black hole can lastzqq ~ 2 years, with holes can occur, giving strong observational support ®rtiodel. The
the peak mass accretion rate highly super-Eddil%n One main high absorption in these systems would mean that the sear¢heim
property of a super-Eddington accretion disk is a lowerate ef- should be through radio and infrafedbecause their X-ray spectra, if
ficiency than a standard thermal thin disk, due to significamger- as soft as XJ1500+0154, would be completely absorbed.
Eddington effects of photon trapping and outflows in the ingigk We expect the accretion rate to drop by an order of magnitade t
regiof*I7. These effects are more serious at higher accretion ratgswell sub-Eddington in the next ten years based on our madell
with the disk luminosity sustained at around the Eddingtotit] The disruption of a 2\, star. By continued monitoring of the event, we
Eddington-limited slow decay of our source thus agrees with the will be able to test our TDE interpretation and to determheduration
super-Eddington accretion signatures suggested by theysprectra. of the super-Eddington accretion phase and the origin aftegesoft-
The long super-Eddington accretion phaseXafl years in our event ening. We will also be given a rare opportunity to observesihectral
would imply disruption of a very massive star (2@,) based on the evolution of the event across different accretion reginmebta investi-
standard theofy. However, it has been realized that the evolution gfate its connection with short super-soft events that atlbelieved
TDEs heavily depends on how the streams of tidal debrissatgreach to accrete below the Eddington limit.
othef¥22 |t should be common for circularization of the fallback mas
onto the accretion disk to occur at a much larger distanseltieg in
a much longer viscous time scale, than predicted from thedatal
theor@. Therefore,tgqa can be very long in a slow circularization
process, unless the circularization is so slow that the peaketion
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Table 1| Spectral fit results for high-quality spectra. The X1 and C10 spectra were rebinned to have at least one peubtn and were fitted by minimizing the
C statistic, while the X2, X3, C2, and C3-C9 spectra werenmdil to have at least 20 counts per bin and were fitted by niimihex? statistic. The fits used
energy channels within 0.3-10 keV fsMM-Newton and energy channels within 0.3—7 keV fohandra. All models include Galactic absorption of column density
Ni,cal = 4.4 x 102° cm™2. The absorption intrinsic to the X-ray source at redshifd842 was also included and fixednsi; ; = 4.2 x 10%! cm~2, which was
the best-fitting value from the simultaneous fit to the C2, %1% C3—C9 spectra. .1 is the source rest-frame 0.34-11.5 keV luminosity, coe@éor the Galactic
absorption but not intrinsic absorption, ahd,,»bs is the source rest-frame 0.34-11.5 keV luminosity, coe@ébr both Galactic and intrinsic absorption. Bdthy,s
and L ynabs are in units of 162 ergs 1. All errors are at the 90%-confidence level. Parametersowtthrrors were fixed in the fits. For C10, two models were teste
diskbb+PL and zxipcf(comptt). For the latter model, the @3 component was fixed at the best fit of this model to C3—-C8,tha luminosities. .s and Lyunabs
was simply copied from those of C3—C9. The redug€dvalues are given for fits using the’ statistic, but not for those using the C statistic.

Obs. Model Parameters Xi(“) Labs Lunabs
X1 diskbb+PL kTdiskbb = 01070 0% keV, Njgiepn = 21075057, 0.08T0-04 ¢ 55H0.95
Ipp = 2.5, Npp, = 4.615% x 1076 0.03 031
X2 CompTT KTy = 0.04 keV, kTe = 0.3570 0% kev, 7 = 10.8757 1.09(106) | 1.1619:9¢  6.1870:03
X3 CompTT KTy = 0.04 keV, kTo = 0.517030 keV, 7 = 7.373-) 0.90(99) | 1137006 7 g3+0.71
c2 CompTT KTy = 0.04 keV, kTe = 0.517033 keV, 7 = 7.6752 0.90(43) 1.08T0-0%  6.241]53
C3-C9 CompTT KTy = 0.04 keV, kTe = 1337545 keV, 7 = 3.9713 0.83(138) | 0.601062 3387023
diskbb+PL kTaiskbb = 0‘134:8'.31 keV, Naisicbb = 312t?éi' 0.3110-05 5. gg+0-86
c1o0 Tpr, = 2.5, Npp, = 2.271:7 x 1076 —0.04 —0.66
2Xpe(COmPTD) | ) — 64 & 10kxTO10220c(r)1?*k§,vi:;e§) :123?58‘(3:\/'07.04, 3;9: —0.36 £ 0.02 0.6075755 3387037
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Figure 1 | The CFHT/MegaPrime r’-band image around the field of XJ1500+0154 indicates its gattic nuclear origin. The origin of the image is at the center
of the galaxy SDSS J150052.07+015453.8 (black cross). ieedircle of radius 18 (0.5 kpc) represents the 95% positional uncertainty df500+0154.
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Figure 2 | The long-term evolution of the X-ray luminosity and spectrum of XJ1500+0154. Upper panel: The long-term source rest-frame 0.34-11.5 keV
unabsorbed luminosity curve. Ti@handra, XMM-Newton and Swift observations are shown as blue squares, red triangles eed gircles, respectively, with 90%
error bars, but for the firs€handra observation C1 in 2005 th&s upper limit is shown with an arrow. We have merged the seVleandra observations in 2011
to create a single coadded spectrum, given the lack of signifispectral/flux change in these observations. Similaeyalso created a coadded spectrum from the
combination of S2—-S5 and another one from S6-S8. For claréyhave offset S2—S5 to be one month earlier, because teégaclose to S6-S8 in time. The solid
line is a model of disrupting a 34, star by a black hole of mas)® M, with slow circularization and super-Eddington effectss(S8. Such a model describes
the data well. The dashed line pldts®/3, assuming a peak X-ray luminosity 80** erg s™! that is reached two months after disruption of the star;itesents
the typical evolution trend for thermal TDELY which obviously last much shorter than our event. LowergtsnThe unfolded X-ray spectra. The X1 and C10
observations were fitted with a diskbb model (red dotted)lplas a PL (green dot-dashed line), and the C2, X2, X3, and0®@3sbservations were fitted with a
CompTT model (the X2 spectrum is not shown but looks verylsinid X3). Note that C10 can also be described with the Comifiifid C3—C9 subject to a fast warm
absorber. For clarity, we show only pn data for ¥iddM-Newton observations. Also for clarity, the spectra were rebinmelde above 2 in each bin in the plot.



Method di t her _r egi on. The different degrees of confidence is indicated by
XMM-Newton observations and data analysis the parameter of “variability index”, which spans valueshivi [0, 10]

XJ1500+0154 was serendipitously detected at off-axis engRnd is larger for variability of higher confideride
of ~13 in three XMM-Newton observations (X1-X3 hereafter; see Our C10 observation was intended to provide an accuratéi@usi
Supplementary Table 1) of NGC 5813. X1 was made in July 200%,XJ1500+0154, utilizing the sub-arcsec resolutiorCbandra near
while X2 and X3 were made in February 2009, only six days apdfie aimpoint. We performed the source detection by applyireg
The source was detected in all three European Photon Imadi4O wavdet ect wavelet-based source detection algorifiron
Cameras (i.e., pn, MOS1/M1, and MOSZ/I@LE? in the imaging the 0.3—7 keV image binned at single sky pixel resolution. tiién
mode in X1, but only in pn and MOS2 in X2 and X3 becausedried out the absolute astrometric correction for theajX-sources
the source is outside the field of view (FOV) of MOS1 in theddy cross-correlating them with optical sources in the Carfagnce-
two observations. We used SAS 15.0.0 and the calibratios €ife Hawaii Telescope (CFHT) MegaPrime/MegaGam’-band stacked
2016 February for reprocessing the X-ray event files anavolip images. We only used 19 matches that are outside the stréingedi
analysis. The data in strong background flare intervalsp see gas emission in NGC 5848and have X-ray 95% statistical positional
all cameras in all observations, were excluded following BAS €rrors <1'2 (based on Equation 12 in Kim et*). and magnitude
thread for the filtering against high backgrounds. The fidear ™ s < 24.0 AB mag for astrometric correction. These 19 matches do
exposures used are given in Supp|ementary Table 1. We mdraé]ot include XJ1500+0154, in order to reduce the effect ofasieo-
the source Spectra from all available cameras using a a'rrq:agion metric correction on the identification of its Optica| C(Emﬂart. The
of radius 20/. The background spectra were extracted from a larggtrometric correction method in Lin et“@lwas used, by searching
circular region near the source, using a radius of”’168r MOS1 for the translation and rotation of the X-ray frame that miize the
and MOS2 and a radius of 8Cfor pn. The event selection criteriatotal x> (x is the ratio of the X-ray-optical separation to the total
followed the default values in the pipel@e For X2 and X3, in positional error) for 90% (i.e., 17, allowing 2 matches tcsparious or
which the source was bright, we also extracted the pn lightesu bad) of the matches that have the smaljestlues. The uncertainties
binned at 500 s using the SAS toepi cl ccorr and performed of the translation and rotation and thus the systematidipasi errors
variability tests using thekst est tool. We used the 0.3-3 keV Of the X-ray sources were estimated using 200 simulationsordier

band, where the source counts dominated over those of thgfoamd. t0 calculate the statistical positional uncertainty foe tsource, we
carried out 2000 ray-trace simulations witlARX 5.1.0 at positions

Chandra observations and data analysis near it and at the same off-axis angle. The spectrum fromhigvental

XJ1500+0154 was serendipitously covered in r@handra obser- disk plus powerlaw fit to C10 was assumed.

vations (C1-C9 hereafter; see Supplementary Table 1) of N&3, ] ) ]

but all at large pointing offsets (+115). The dense observations in>Wift observation and data analysis

2011 (C3-C9,~0.5 Ms) are from a Large Program (LP, PI: Dr. Scott Atour requestS/viftIE observed XJ1500+0154 in two epochs: one

Randall) on NGC 5813. All nine observations used the imagimgy ©bservation on March 28th 2014 (S1 hereafter), and sevesmai®ns

of the AXAF CCD Imaging Spectrometer (ACB) and XJ1500+0154 between February 3rd—14th 2016 (S2-S8 hereafter, Supptargéa-

fell in the back-illuminated chip S1 in all observations egt C2, in ble 1). We analyzed the data with FTOOLS 6.18 and the caidorat

which it fell in the front-illuminated chip I3. We had@handrafollow- files released on July 31st 2015. The X-ray telescope (XRjs

up observation of the source for 37 ks in February 2015 (Ci€xfter), operated in the Photon Counting mode for all observatiand vee re-

with the aim point at the back-illuminated chip S3. We repssed Processed the data with the taskt pi pel i ne (version 0.13.2). The

all the data to apply the latest calibration (CALDB 4.6.7)ngsthe SPectrumwas extracted, using radii of’2&nd2’ for the circular source

scriptchandra_repro in the Chandra Interactive Analysis of Observa-and background regions, respectively. The source wasyhdetiécted

tions (CIAO, version 4.7) package. No clear background $lavere Dy the XRT in S2-S5, and we created a co-added XRT spectrum fro

seen, and we used all data for all observations. these observations. The source was clearly detected in8S&r8 we
The spectra of XJ1500+0154 were extracted for each obsmmyat@!SO created a co-added XRT spectrum from these obsersatitine

We used a circular source region enclosing 90% of the poirgasp SOUrce net count rate was higher in S6-S8 than in S2-S5 alothe

function (PSF) at 1.0 keV and a circular background regiom oa- Cconfidence level.

dius of 50” near the source. However, there are three exceptions. For The UV-Optical Telescope (UvVOT§ in S1 used three standard

observations C1 and C2, we used the 70% PSF radius for theesmur UV filters W1 (2.3 ks), M2 (2.3 ks), and W2 (2.3 ks). In S2-S8 the

gion, considering that the source was not detected in C1 aschwar UVOT used the “Filter of the Day” mode, and we combined images

the CCD edge in C2. For our follow-up observation C10, in whidor different filters, resulting in total exposures of 6.3 kst ks, 3.9 ks

the source is near the aim point with minimum backgroundamirt and 3.8 ks for the U, W1, M2, and W2 filters, respectively. Tteob

nation, we used the 95% PSF radius for the source region. \a e photometry, we used the taskotsource with radii of 5" and 20/

the CIAO tasknkaci sr nf to create the response matrix files and tHer the circular source and background regions, respdytive

CIAO tasksnkar f andar f corr to create the point-source aperture

corrected auxiliary response files. Considering no sigmitiadiffer- ROSAT Observations

ence between LP observations, which were taken within 13,dayd XJ1500+0154 was in the field of view oRDSAT High-Resolution

in order to improve the statistics for spectral modeling, sneated a Imager pointed observation in 1998 for 1.9 ks (Supplemgniar-

single spectrum combining LP observations. For obsemafd in ble 1). XJ1500+0154 was not detected in the observation,vend

which the source was not detected, we used the CIAOdaslat es extracted the source and background spectra using a ciregjian of

to determine confidence bounds of the flux. radius 10 and a circular region of radiug)”’, respectively, in order to
We measured the short-term variability within 0.4-3 keV o estimate the flux limit.

ing the Gregory-Loredo aIgoritf%implemented by the CIAO tool

gl vary®? 1t splits the events into multiple time bins and look€FHT MegaCam observations and data analysis

for significant deviations. The variation of the effectiveea with There are seven CFHT/MegaPrinfeband images, with exposure

time was taken into account and was obtained by another CoaD t345 second each and taken on May 5th 2014, and ejéhiand



images, with exposure 345 second each and taken on April22at.

We produced two stacked images, one forithband (the final seeing
FWHM is 0/65) and the other for thg’ band (the final seeing FWHM
is 0/80), using MegaPi@, and aligned their astrometry to the Sloan

Digital Sky Survey (SDS8). The sources detected from these twas.

stacked images were used to compare with the SDSS phototoetry
detect the source optical variability and to compare witre}{-sources
to align the X-ray source astrometry. We also fitted the hasdy
profile in the CFHT/MegaPrime stacked images using GAEEITen

stars within2’ from XJ1500+0154 were used to construct the poirso.

spread function of the images.

X-ray spectral fits
The X-ray activity of XJ1500+0154 should be due to accretion
onto a BH, and we fitted the X-ray spectra with several modgds t
cally used to study such an object. Given that XJ1500+015daist
likely associated with a galaxy at= 0.14542, we applied this redshift
to all the spectral models that we tested with the convatutimdel
zashift in XSPEEZ.  All models included the Galactic absorp@n
fixed at Ng = 4.4 x 10%° cm™? using theTBABS model. Possible
absorption intrinsic to the source was accounted for ugiegt babs
model. The abundance tables from Wilms étakere used.

Data availability statement The data that support the plots within this
paper and other findings of this study are available from ¢ineespond-
ing author upon reasonable request.
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Supplementary Information A5007 line, indicating systematic blue excess. Fitting ttae Bght
subtracted spectrum around thelfQ A\5007 region with two Gaussian
lines, one for the strong narrow component and the othehfbtoad

The X-ray source position and the host galaxy . : ) o 1283 1
We obtained the position of XJ1500+0154 from C10 to ba 0 "' infer the wing to have = 55515, km s and to be blue-

; ; ; +271 —1
R.A.=15:0:52.068 and Decl.=+1:54:53.79, with the 95% posal Shifted relative to the narrow line center BY27 553 km s, The flux

[ —17 —1 —2 ;
error of @18 (including both the statistical component and thoefthe blue wingisl.3 £ 0.4 x 10" ™ erg s ~ cm™, corresponding to

. . . a 5.0 detection. Compared with the fitting residuals in other gfac
systematic component from the astrometric correction guore). .
. T the residuals here are about the strongest, and thus thevisigeould
This position is only 007 away from the center of the galax

\ i
SDSS J150052.07+015453.8, consistent within the unogytéFig- ls)E rﬁ?:;:‘é;‘l:";egag‘”thﬁfmff;;'ﬁ’ng’Leegflt[éhfzgs'g dA”ilLO:'\’;ﬁd
ure 1). The number density of the galaxies that are as bright 5y y g i 9

or brighter than SDSS J150052.07+015453.8 i fhand within 1o e (o] AS007 5 commony seen i AGNS and sartuist gajaxies
10" is 0.00016 per square arcsec, implying that the chance pro P g

bility for our X-ray source to be withiny/18 from the center of 91500+0154’ the blue wing around [@] A5007, if real, is more

SDSS J150052.07+015453.8 is only 0.000017. Therefore waea likely due to star-forming activity, instead of due to thera§¢ outburst,

curely identify this galaxy as the host of our X-ray sourcéthvthe as the nucleus is 5|gn|f|cantly obscured. o

X-ray emission most likely from the galaxy center (the petiel offset The mass and Ilght (sogrce rest-frame 3200-68pMistributions

~0718 or 0.5 kpc at the redshift of — 0.14542 of the galaxy; see of the stellar populations with respect to the age from thémphkt are

below). shown in Supplementary Figurk 3, indicating the presenserk very
The host galaxy in the CFHT/MegaPriméand ¢'-band images young (< 5 Myr) populations, allthough thg mass is dominated by old

can be fitted with a Sérsic profile, with effective radii ¢f484-0/01 populations. The mean age weighted by light is 1.6 Gyr, aedrthan

(1.23:0.03 kpc) and 041:£0/0.01 (1.04-0.01 kpc), axis ratios of 29€ Weighted by mass is 5.0 Gyr. The total stellar massiisc 10°
0.56-£0.02 and0.56+0.01, and indices 02.2+0.2 and3.0+0.2, re- o and the total stellar Juminosity i5.9 x 10° Lo, suggesting a
spectively. Therefore it is a small galaxy dwarf galaxy (comparable to the Large Magellanic Cloud)ingshe

The SDSS took a spectrum of the galaxy on March 3rd 2011, whf&lﬁ‘“O” between the BH mass a”g’ the total galaxy stglla@nm
is shown in Supplementary Figdf® 1. It exhibits strong nareonis- estimated the BH mass to ltés x 10° Mg (thelo uncertainty is 0.55

sion lines at the redshift of — 0.14542 + 0.00001 (D, — 689 Mpc, 9€%):

assuming a flat universe witHo=70 km s> Mpc~! and ,=0.3). We do_ not see a clear broa(_j compongnt of the lkhe. Some
We fitted the spectrum with Penalized Pixel FittipP&F) softwar&, TDES, which would be the best interpretation for XJ1500+4)1did
As the stellar templates, we adopted the single-populatiodels by Show broad emission lines. The4;/vell covleregl TDE ASASSN-14d
Maraston and Stromb#gkihat were created based on the ELODIE [i€2K Fb luminosity of 1.1 x 107 erg s with the corresponding
brary of empirical stellar spectra of solar metalli&tyand have Uy FWHM of ~3000 km s, detected in early epocHs  Such an
extension (below around 394 based on theoretical mo We emission line, however, Wpuld be d!ﬁlcult to detect for X0050154
chose these models because of their extended age coveraggds || We assume the Galactic reddening B{B — V), = 0.05 mag
from 3 Myr to 12 Gyr), broad wavelength range (1000.2—6801)0 and intrinsic reddening oE(B;2 V), = 0..71 mag, which is basgd
and high resolution (FWHM- 0.558). We interpolated the models to®n B(B = V) = 1.7 x 10 Nu and intrinsic column density
make them distribute uniformly in logarithm of the age fronMgr Vii = 0.42 < 107" cm™= (inferred from our X-ray spectral fits; see
to 12 Gyr with 54 grids. We fitted the SDSS spectrum over sourgglow). Therefore, we cannot rule out that a broad Ithe might be

rest-frame 3200-680A, considering that the spectrum at shorter wav@/esent in the source but is hard to detect due to strongogixim
lengths is very noisy. Fourteen Gaussian functions wereintduded HOWever, it is also possible that XJ1500+0154 has intraigicvery

in the fit to model the apparent gas emission lines. No addéimul- weak _optical _emission (either broad emission Iine_s or thetiooum)
tiplicative polynomials were included in the fit. The spectrwas cor- @ssociated with the X-ray outburst, as observed in some JD&s
rected for the Galactic dust redderfffigf E(B — V), = 0.05 mag during the X-ray bright phafe
before the fit. The intrinsic reddening was left as a freenfitjparame-
ter and was inferred to bé(B — V), = 0.068 mag. The source evolution with normalized count rates

The pPXF fit inferred intrinsic width of the emission lineslie In order to study the source behavior in a relatively model-
abouts = 52 km s™'. The stellar kinematics could not be constraineiidependent way, we calculated the count rates normalizetiase
well, as expected considering the lack of strong absorgeatures. expected based on the CompTT fit to the C3—-C9 spectrum. Ajthou
Therefore in the final fit we assumed the stellar velocity elisjpn to the CompTT fit was used, other models that fit the C3—-C9 spesdra
be the same as that of the gas. The best-fit model is shown ipisupsonably well (e.g., an absorbed PL) gave very similar result
mentary Figur€ll. The gas emission lines are all generatgistent Supplementary Figufd 4 shows the long-term evolution of -
with a single Gaussian profile. The intrinsic reddening efémission malized count rates i = 0.4-3 keV,b1 = 0.4-1 keV and2 = 1-3
lines isE(B — V). = 0.41 mag, assuming an intrinsicddHg ratio of keV. The source appears to show a prolonged outburst. It aeden
2.85. Based on more careful Gaussian fits to the star lightaeted tected in C1 on April 2nd 2005, with the 0.4-3 keV normalizedirat
spectrum and adopting this amount of intrinsic reddening, ol- rate Ry, < 2.3% (3o upper limit, upper panel in Supplementary Fig-
tained the extinction-corrected line ratioslog([OIII]A5007/H3) = ure[4). The source was detected less than 4 months later imXilp
0.18 &+ 0.02 (1o error), log([NIIJA6583/Ha) = —0.63 £ 0.02, 23rd 2005, withRx,, = 7.0 £ 2.6% (90% error). It was detected
log([SII]/Ha) = —0.79 & 0.04, andlog([OI]A6300/Ha) < —1.44 much brighter three years later, wifi,, = 1.9 + 0.1 for C2 on
(30 upper limit), which are consistent with a star-forming gagla June 5th 2008 an&x,, = 2.3 + 0.1 and2.1 £+ 0.1 for X2 and X3,
based on the BPT diagrams (Supplementary Fiﬂm) as indi- respectively, in February 2009. The source flux decayed siemyly
cated by the SDSS pipeline. The extinction-correctediininosity is later, with Ry, = 1.01 & 0.02 in C3—-C9 in March—April 2011 and
2.13 £ 0.03 x 10** erg s!, which implie@ a star formation rate of 0.35 4 0.04 in C10 on February 23rd 2015. Similar normalized count
~1.7 Malyr. rates were also observed in tBsift monitoring observations in 2014—

However, there seem to be some small residuals around theg] [02016, though they have poor statistics. Overall, the sococeit rate



seemed to show a fast rise, by a factor>e97 and probably in just fixed at a value of 2.5. The BH mass, the BH spin and the intrinsi

months, and experienced a very slow decay, by a factor of a¥ewa
decade in time.

column density was tied to be the same but allowed to vary. Hde
dington ratios were forced to be below 1.0 (thus sub-EddimgtWith

Comparing the 0.4-1 keV and 1-3 keV count rates (middle afti these settings, the best fit required a maximally spmBhi with

lower panels in Supplementary Figuié 4), we detected segmifi
softening of the source in C10, due to a significant drop inltigkeV

mass2.8 x 10° M, but still a relatively high reduceg? value was
obtained (1.35 for 280 degrees of freedom), and systematesfduals

count rate. The normalized 0.4-1 keV and 1-3 keV count rdt€46 were seen clearly.

Given the above problem of fitting the spectra with the steshda
Rx,p1 = 1.01£0.03 and1.02+0.03 (close to one by definition). Thethermal state model MCD+PL, we tried to test the Comptoiopat
R b2 t0 Ry b1 ratios ared.21 + 0.06 and1.01 4 0.04 (90% error) for model CompTH (in XSPEC). This model is commonly used to fit the
C10 and C3-C9, respectively, indicating the softening dd @ith re- X-ray spectra of ULX&, most of which are believed to be the super-
spect to C3—C9 at the 1&8&onfidence level. In comparison, C2, X2Eddington accreting stellar-mass BHs. We found that we aacon-

areRn,p1 = 0.68 +0.10 and Ry .2 = 0.15 £ 0.04, while C3-C9 has

and X3 have thdix 12 t0 Rx b1 ratios 0f0.90+0.10, 0.904+0.07, and

strain all parameters well, and it seems that the fits carregisume

0.79 £ 0.06, respectively, close to that of C3—C9. Other observationsld seed photon solutions %, < 0.1 keV or hot seed photon solu-
have poor statistics. S1 and S6-S8 seems to be as bright dwddastions of kTy ~ 0.1-0.2 keV, corresponding to two local/global minima

as C3—C9. S2-S5 is fainter and could be consistent with C10.inX
the rise phase of the outburst, could have a relatively hagdtsum too.

Spectral state identification for X2, X3, C2, and C3-C9
Supplementary Tabld 2 gives the fit results using simple tsode

in x2, which differed by<6. Cold seed photon solutions were assoc
ated with higher column densitied’f; ~ 0.4-0.5 x 10?2 cm~2) than
hot seed photon solutiond/; ~ 0.1-0.2 x 10?2 cm~2). In the case of
ULXs, the seed photon temperatures were often inf@mﬂbeSOB
keV. If our spectra have the same emission mechanism as no& U

PL, a MCD (iskbb in XSPEC), and their combination MCD+PL. Theand the s.eed photons are from a thermal disk, we would e%p:esegd
spectra of X2, X3, C2, and C3-C9 have similar best-fittingcepe Photons in our spectra to be very co_@j,o.l k(_eV. Thereforg we will
parameters in these models, implying the same emissionanich in focus on the cold seed photon solutions. Still, we found itharder

these observations. The absorbed PL fits gave the photox Ihde~
4-5 for X2, X3, and C2, and C3-C9, indicating very soft speatnd
ruling out that the source was in the hard spectral state atareting
BH in these observations. X2, X3, and C2 are relatively clageme
(within ~8 months), and their spectra are a little softEBp( ~ 5)

to obtain well constrained corona temperatures and opdieaths for
better comparison between observations, it is desiralfie tioe intrin-
sic column densityVy ; and the seed photon temperatéfg,. From
the simultaneous fits to X3, C2, and C3—C9 spectra with thasenp
eters tied to be the same (X2 was not included, again due sepce

than that of C3-C9I{pr, ~ 4), taken two years later after X2 ancOf fit residuals), we inferredVir,; = 0.42 + 0.06 x 10** cm~? and
XS The X2, X3, and Cz Spectra can be genera”y described aﬂth kTo = 0.04 4+ 0.04 keV Therefore in the ﬁnal f|ts Wlth COmpTT, we
absorbed MCD, but the fit with an absorbed MCD to C3-C9 shofféed Nu at 0.42 x 10** cm™2 and kT, at 0.04 keV. The fit results
systematic positive residuals at high energieskeV (Supplementary @re given in Table 1. The disk geometry was assumed (the fétisrof
Figure[3). Adding a PL (i.e., total model MCD+PL) wifh1, fixed at 1ar quality can also be obtained assuming a spherical gepmetich

a value of 2.5, typically seen in the Galactic BHBs in the thalrstate,
improved the fit to C3—C9 most significantly, but it still shewome
systematic positive residuals in 2-3 keV and negative ohesea3
keV (Supplementary Figufd 5). In any case, the MCD+PL fiterirefd

would infer similar corona temperatures but higher (by &deof ~2)
values of the optical depth).

From Table 1, we see that the CompTT fits suggest a ¢l (&
0.35—1.3 keV) optically thick £ ~ 4-11) corona for X2, X3, C2 and

a very hot disk ofkTnvep ~ 0.3 keV in all spectra (the MCD+PL C3-C9. C3-C9 might have a little hotter corona and a loweicalpt

fits were not sensitive to thEp1, value assumed, as long Bsi, was
constrained to be<3.5; for higher values of'pr, the fits obtained
would be dominated by a PL, instead of by a disk). We note théitsa
to X2 tested above in fact showed some systematic residwalsse
origin will be discussed more later.

The MCD+PL fits are roughly statistically acceptable, betéare
problems to associate them with the thermal state, whichasacter-
ized by a dominant thermal disk at the sub-Eddington Iuniipf&
The inferred disk temperatures bivcp ~ 0.3 keV are too high for
such a state of an accreting SMBH. For a standard therma] thisk
maximum temperatureTvicp o< M~ Y*(Lavcp /Leaa). The Galac-
tic BH X-ray binaries have maximum disk temperatures nol
<1 keV. The MCD+PL fits inferred.x ~ 1-2 x 10** erg ™. There-
fore, for XJ1500+0154 to be at the sub-Eddington limit in theser-
vations considered, the BH mass should be at 1#8%tA/,. Then
the maximum temperaturelvicp should be<0.1 keV, much lower
than the values inferred. The high disk temperature mighidssible
if the SMBH considered is maximally spinning. To test thistffier,
we tried to fit X3, C2, C3—C9 simultaneously with the more pbgk

depth than earlier observations X2, X3, and C2. To test th@fsgsance
of the presence of a cool optically thick corona in these spewe still
tried to fit X3, C2, and C3-C9 simultaneously, with the seedtph
temperatures all fixed at 0.04 keV, the corona temperatlirézeal at
20.0 keV, and the column densities allowed to vary freelydiiited to
be the same. Then we obtained a tatalvalue of 257.6 for 282 degrees
of freedom. In comparison, the totgf value is 242.3 for 3 fewer
degrees of freedom if the corona temperature parametead allewed
to vary freely. Based on thE-test, this implies 8.4 improvement of
the fits with a cool optically thick corona over those with & bptically
thin one, under the assumption of cool seed photons. Thergfere is
evidence that XJ1500+0154 was in a super-Eddington aoorstate
in X2, X3, C2, and C3-C9.

We note that all the spectral models tested above on X2
showed systematic fit residuals, as shown in Supplementguydts.
X2 was taken only six days before X3, and they have very simil
instrument configurations and source off-axis angles. Thace
spectral shape and count rates are also very similar in these
observations, which seems to suggest that the residual® inoXld

AGN model optxagr@ (in XSPEC). Because we are considering thee due to some calibration uncertainty, or due to preseneewarm

thermal state, in the optxagnf model, we assumed that tivitatianal
energy released in the disk is emitted as a color-corredtszkinody

absorber in X2. Starting with the continuum model CompT Thwit
Nu ; fixed at0.42 x 10*2 ecm~2 andkTy fixed at0.04 keV, we found

down to a (coronal) radius..., while within this radius the availablethat the residuals can be significantly reduced by adding dge e

energy is released in a hard PL form Comptonization companean
optically thin hot corona of temperature 100 keV. The PL indeas

of threshold energyFeqse = 0.63 £ 0.03 keV and optical depth
7 = 0.88 4+ 0.30 (corresponding to & improvement) and another
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edge 0fFcqge = 1.33+0.07 keV andr = 0.37+0.21 (corresponding consistent with C10 (withinlo) than C3—C9, and the source could

to a3c improvement). Replacing these edges with the more physibal in the thermal state or subject to transient absorpticainain

model zxipcf, we obtained two possible fits. One inferred laspaber this observation. Given the low statistics of tBaift observations,

of column densityNg = 0.4 x 10*?* cm™2, ionizing parameter however, we cannot completely rule out that the source hailasi

log(§) = —0.55 (i.e., nearly neutral), and zero speed (i.e., the absorbéray spectra in S2-S8 as in C10, which could suggest thatdhece

is static relative to the source), and required the unalesbilominosity had been completely settled to the thermal state since CHepdy

to be a factor of 6.7 higher than that of X3. The other fit inferan observations of the source in the future are needed to firetigrohine

absorber ofNy = 3.5 x 10?2 cm™2, log(¢) = 2.7 and redshifted the duration of the super-Eddington accretion phase.

speed of 29% the speed of the light (thus an inflow), with thabun

sorbed source luminosity similar to that of X3. Both fits amti@d Spectral state identification for X1

for most of the residuals around 0.6 keV and are clearly ehglhg The spectrum of X1 has low quality too. Fitting it with a PL gav

to understand, with the former requiring a large change finiosity T'p;, = 2.7+22. Thus it could be alittle harder than other observations.

in a short time and the latter requiring a fast warm inflow. UF@itob- We tried to fit it with the MCD+PL model witVy ; fixed at4.2 x 103!

servations would be helpful to determine whether the redgdare real. ¢m=2 and the PL photon index fixed at the value of 2.5. We obtained a
fit with a cool disk ofkTvicp = 0.1070 55 keV and a PL contributing

Spectral state identification for C10 about 25% of the rest-frame 0.34-11.5 keV luminosity.

We also have a relatively good spectrum from C10, which ajgpea The identification of the spectral state for X1 is clearly +iovial
to be much softer than earlier observations, as shown atmsedon due to its low statistics, but it is consistent with a traiosial state, as
the normalized count rates in different energy bands. Therdled PL expected considering that it was at the beginning of theuwrstb
fit inferred a very high photon index dfpr, = 8.0 + 1.2 for C10,
compared witl'py, ~ 4-5 for X2, X3, C2 and C3—C9. The MCD+PLFitting the long-term X-ray luminosity curve
fit with I'py, fixed at a value 2.5 also indicates that the spectrum in C10 The evolution of the X-ray luminosity in TDEs depends on many
is dominated by a disk with a much lower temperature in C10 tha factors and can involve physics that is still poorly undsost;, espe-
X2, X3, C2 and C3-C9 (0.13 keV versud.3 keV). cially in the super-Eddington accretion regime. We expldiee mod-

One explanation for the spectral softening in C10 is thasthece els that could describe the data assuming full disruptioa star by a
showed a transition from the super-Eddington accretiote $teearlier 106 M, black hole. The accretion rate of the mass was assumed to
observations to the thermal state in C10. Then the MCD+PLditllds be slowed relative to the fallback rate by the viscous tirakse,;sc,
be a reasonable model. Table 1 lists such a fit With; fixed at4.2 x according to the equation
10%* cm~2, as obtained from the simultaneous CompTT fits to X3, C2, .
and C3-C9. This model inferreflx in C10 only lower than that in . 1 ) Tiee i X (4 s
C3-C9 by 15%. We note that in the second ULyX in M31, similatesta Ma(t) = Tvise (6 ! /0 ! /T N (t') ) ' @
transition also occurred with luminosity chanﬁrlg/ <20%.

Alternatively, the spectral softening in C10 could be dueatowhere M, is the mass accretion rate addg, is the mass fallback
transient warm absorber in C10 that obscured the high-gritwg. rat€). The radiative efficiency was assumed to be 0.1 when the ac-
To test this scenario, we added a warm absorber to the CompTTcifetion rateMy is below the 0.5 isotropic Eddington [iMtlpqq. At
to C3—-C9. The warm absorber was modelled with ztxé pcf (in higher accretion rates, the inner disk could begin to reaehldcal
XSPEC) model. The CompTT parameters were fixed at the vallsddington limit2, and we assumed the luminosity to scale logarithmi-
obtained from the fit to C3—C9. The covering fraction was fibtmbe cally, in the fornt of 1.0 + log(Md/O.5MEdd). Based on the X-ray
consistent with 1.0 (the 90% lower confidence bound is 0&4d,we spectral fits, we assumed that 25% of the light was emitteladixtray
thus fixed it at the value of 1.0. Then we inferred the warm gisato  band (the source rest-frame 0.34-11.5 keV).
have Ny = 64 x 10** cm™?, log(¢) = 2.8 and blueshifted velocity ~ Supplementary Figufg 6 shows the expected light curvestaral
of 0.36¢ (Table 1). This fit has almost the sadlestatistic as the models of different masses of the disrupted star and differiscous
MCD+PL fit. If the normalization of the CompTT model is allod/e timescales. For comparison, models incorporating thersigdington
to vary, considering that the source might become fainterfound accretion effects are shown as thick black lines, while ¢host are
that the unabsorbed luminosity in C10 should*&8% (90% lower shown as thin gray lines (representing the evolution of atledick rate
bound, the upper bound cannot be constrained, as thereése@gy in case of prompt circularization).
between the source flux and the column density of the abgodfer e find that there is degeneracy between the stellar mass,and
that of C3—C9. A highly ionized sub-relativistic outflowirsdpsorber Our data can be described with the full disruption of /2 star with
is expected in the super-Eddington accretion phase of ¥@rd had Tvise = 3 yr (Figure 2) or a 10V, star withrise = 0 (Supplementary

been inferred in a few ca$8". Figure[®). The degeneracy can be broken with more future toeni
ings of the source, as the luminosity is expected to decagrfésr
Spectral state identification for Swift observations disruption of a lower mass star. Assuming a higher efficienaither

The Swift observations are all too faint to carry out detailethe Eddington excess or in the mass-to-light conversionldvadjust
spectral fits. In S1, S2-S5, and S6-S8, we collected 18.3ar@l0 the favored stellar masses downward, with a maximally+spnblack
18.8 net counts within 0.3-10 keV in exposures of 8.7 ks, 8,Gakd hole driving the favored masses to values of 0.5 and\Z5, respec-
6.7 ks, respectively. Based on the normalized count ratewrstin tively.

Supplementary Figuifd 4, the source spectra in S1 and S6e38ae While the case with a larger star describes our data just dsas/e
consistent with that in C3—C9 than with that in C10. The ndized the case with a star of nearly a solar mass, the steep stelks func-
1-3 keV count rates in S1 and S6-S8 are both consistent wath tiion strongly favors the disruptions of lower-mass stavenein cases
in C3-C9 to within b error but both different from that in C10 atwhere a recent starburst has occuffedith < 1% of all disruptions
the 2.50 confidence level. Therefore the source might be still woming from stars wittd/ > 10 M. Additionally, we expect that dis-
the super-Eddington accretion state in S1 and S6-S8. Imasint ruptions of stars arountb® M, black holes will be slowed by viscous
the low 0.4-3 keV normalized count rate in S2—-S5 makes it matfects in the majority of disruptions, with two-thirds ofstuptions
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having viscous timescales long&than a year fodZ,, < 106 M. Be- the range betweeh0® and10'° Lo, at A = 54004 (the source rest-
cause of these expectations, we argue that XJ1500+0154likelgt frame central wavelength of thé band for XJ1500+0154) at the very
originated from the disruption of a nearly solar-mass star. early epoch of the evelf& Therefore we cannot rule out a similar level
A single strong disruption and prompt accretion of an ewwblvef optical emission as seen in the ASASSN TDEs in our event.
star, either ascending the red giant branch or on the hdekzbranch, There is a faint UV source from th@wift observation at the posi-
can produce a prolonged TDE with a fast rise and a prolongpérsu tion of the SDSS galaxy. We obtained the W1, M2, and W2 magdeitu
Eddington accretion phé@ as seen in XJ1500+0154. Howeverpf 23.1 + 0.5 AB mag,23.3 + 0.5 AB mag, and23.8 + 0.7 AB mag,
TDEs of evolved stars are expected to be very rare for a blatk hrespectively, from S1, arzB.541.4 AB mag,22.8+0.3 AB mag, and
of mass10° My, accounting for~1% of the total TDEZ, and they 22.9 4+ 0.3 AB mag, respectively, from S2—-S8. The relatively large er-
should be dominated by repeated, partial disruBﬂorSingle strong rors are due to the scattered light background from a neaikttstar.
disruptions of evolved stars should be extremely rare, aadlornot The UV source was also detected by GALEX on June 3rd, 200%, wit
expect to detect any in the limited volumn of space searclsed (the NUV and FUV magnitudes @2.9 + 0.3 AB mag and23.8 + 0.3

below). AB mag (the NUV filter has an effective wavelength similar hatt of
the Swift M2 filter, i.e.,~2230A), The blue UV emission is consistent
ROSAT Observations with each other in these epochs and is consistent with thagated

XJ1500+0154 was not detected in tROSAT All-Sky Survey from emission from the young stellar populations based erpfXF
in 1990. The survey had a detection lifibf the 0.1-2.4 keV flux fit to the SDSS spectrum of the galaxy. The UV emission from the
of 5x107'% erg s' cm2, which is a factor of 3 higher than thethree ASASSN TDEs in the early epgéh/vould correspond to a
peak absorbed 0.1-2.4 keV (observer-frame) flux of XJ150840 W2 magnitude of>27 AB mag for XJ1500+0154 if we also applied
(~1.7 x 107 erg s cm~2 in X2 and X3). The source was notthe extinction based oR(B — V) = 1.7 x 10722 Ny and used the
detected either in thROSAT/HRI pointed observation in 1998. Thecolumn density ofVi; = 4.2 x 10°! cm™>. The U band magnitude in
3o upper limit of the source net count rate is 0.0038 counts which S2-S8%2.140.3 AB mag) is also consistent with the stellar emission.
is about 50% lower than that expected from X2 and X3. Theegfor
although the source was not detectedRASAT observations, they Arguments against the AGN explanation

are not deep enough for us to rule out the emission level sedrei The coincidence with an optical galactic center, with cleanc
current outburst. coincidence probability of only 0.000017, led us to con-

clude that XJ1500+0154 is due to nuclear activity in SDSS
Short-term X-ray variability J150052.07+015453.8.  The significant absorption column- de

Supplementary FigurE]l 7 shows the light curves for all brighity other than the Galactic value required in the X-ray spéc
observations (X2-X3 and C2-C10). We obtaingd probability fits reassures this association. Then we are left with twasiptes
of constancy of 0.13 and.9 x 10~* from the 0.3-3 keV pn light interpretations of the source: a persistent AGN or a TDE.
curves binned at 500 s in the X2 and X3 observations, rescti As we have shown, we see no sign of persistent nuclear gativit
Therefore, no short-term variability was detected from X3 might the optical spectrum, which shows no clear broad emissiws|but
show some variability, with a fast (within 2 ks) drop to alh@ero narrow ones, with the ratios fully consistent with thoseestpd for
count rate at around 20 ks into the observation. The averaget c starburst galaxies. For AGNs, there is a strong correldigween the
rates of X2 and X3, which are six days apart, are, howevessistant persistent hard X-ray luminosity and the extinction-cotee [O Ii1]
with each other within2o (Supplementary Tablgl 1). We detected5007 luminosityLS ;. XJ1500+0154 hagd; = 2.9+ 0.1 x 10*
no short-term variability in theChandra observations C2—-C10, allergs ™ if we assumé(B — V), = 0.05 mag andE(B — V), = 0.71
with a Gregory-Loredo variability index of 0. We note thaetlower mag, which is again based @B — V) = 1.7 x 10~ 22 N and intrin-
count rates in theChandra observations (a factor of2 lower than sic column densityVi; = 0.42 x 10?2 cm™ 2 inferred from our X-ray
the XMM-Newtor/pn in X2 and X3) could make it hard to detect th@pectral fits. The 2—10 keV luminosity corresponding to ftig;; iS?
fast drop as is possibly present in X3. The observations @3taken 3.6 x 10?2 erg s'! (the dispersion is 0.63 dex). The corresponding
within a 13 day period, have count rates consistent with edbbr 0.34-2.0 keV unabsorbed luminosity assuming a PL of phatdex

within 20 (Supplementary Tablg 1). 2.0is3.9 x 10** erg s7*, which is about an order of magnitude lower
than the flux seen in the outburst. Given that the line ratresfally
UV and optical long-term variability consistent with the star-forming activity, the [©] A5007 flux should

The SDSS photometry of the host galaxy on May 23rd 20@d is  be dominated by the star-forming activity, instead of thfahe nucleus.
21.71+0.35 AB mag,g’ = 20.96+0.07 AB mag,r’ = 20.3440.06 Then the persistent unabsorbed 0.34-2 keV luminosity &dty the
AB mag, i’ = 19.97 + 0.07 AB mag, andz’ = 19.81 &+ 0.27 AB  optical spectrum would be much lower than observed in thewst,
mag (Petrosian magnitudes). The corresponding CFHT/MégaP arguing against a persistent AGN explanation for XJ1506401
r" andg’ photometry can be obtained through the relatibiega = We can also compare XJ1500+0154 with 753 spectroscopically
r’spss — 0.024(g'spss — 7'spss) = 20.32 4+ 0.06 AB mag, and identified AGNs in Lin et a% These AGNs were included in that
' Mega = g'spss — 0.153(g'spss — r'spss) = 20.87 + 0.07 AB  study because they had multiple observations, with at wstletec-
mag. In comparison, we measunggicg, = 20.25+0.01 ABmag and tion with S/N > 20, in the 2XMM-DR3 catalog. Supplementary Fig-
9’ Mega = 20.92 + 0.01 AB mag from the CFHT/MegaPrime stackedire[8 shows an X-ray color-color diagram, adapted from Eiduin
images in 2014. Therefore the photometry in each filter wassise Lin et al., by using the 3XMM-DR5 catalog. The X-ray colors BIR
tent with each other in these two epochs to within theuncertainty. and HR3 are defined d¥7 — S)/(H + S), with S and H being the
The 30 upper limit in ther’ band in 2014 due to the flare is abouMOS1-medium-filter equivalent 0.5-1 keV and 1-2 keV couates
ALy < 1.3x10*? ergs* or < 3.5 x 10® L. If we adopt the redden- for HR2 and 1-2 keV and 2-4.5 keV count rates for HR3, respelgti
ing relationE(B — V) = 1.7 x 10722 Ny and use the column densityThe MOS1-medium-filter equivalent count rates are thoseetepl for
of Nu; = 4.2 x 10*' cm™? inferred from the X-ray spectral fits, thean on-axis MOS1 observation using a “Medium” optical fifterin
above limit after extinction correction would be an orden@gnitude terms of HR3, which characterizes the spectral shape withins keV,
larger (i.e.,< 3.5 x 10° Lg). The three ASASSN TDEs havel., in  XJ1500+0154 is significantly softer (HR3 in the range betwe6.78
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and —0.86 for all bright observations C2, C3—C9, C10, X2 and X33howing a representative light curve for such super-sofE§.DOur

than AGNs (HR3> —0.70).

The long-term variability of XJ1500+0154, a factor 07 Qo
lower limit), is also extreme, compared with AGNs. Only one of
753 AGNs in Lin et al. varied by a factor 06§97 based on the 3XMM-
DR5 catalog. The large variability in AGNs has been normadigribed

event, evolving on a timescale at least two orders of madaitanger,
having much harder X-ray spectra, and exhibiting dramgiecsal
softening, is different from them.

Recently, three TDEs with hard X-ray spectra (photon index
around 2.0) and apparent peak luminosity highly super4igtdn

to all kinds of absorbef3. In order to explain the non-detection ofwere also fourl*13 They are also short-lived, decreasing by more

XJ1500+0154 in C1 and the low count rate in X1, it would regur
neutral absorber aVy > 6.8 x 1022 cm™2 and Ny = 2.5 x 10%2

than two orders of magnitude in the first year. Our event isirdis
guished from them, with much softer X-ray spectra, long tlaraand

cm~2 fully covering a X2 spectrum in C1 and X1, respectively. Thdramatic X-ray spectral change.

problem with this explanation is that it would imply no deten of the
source below 1 keV in X1, while we had detected the source4n.

Event rate

keV at the3.20 confidence level in this observation, unless the absorber We roughly estimated the rate of TDEs with a super-Eddingimn

has a complex structure. Besides, this explanation hasjtirechighly
variable absorption of an AGN with unusually soft X-ray sppac

A very small number of high-amplitude very soft X-ray flaresres
detected from galactic nuclei that might have low perststigminosi-
ties as inferred from the optical emission IiBEE 1t is under debate
on whether these flares are due to, e.g., disk instability &N4, or
due to TDEs. They might even represent a mixed class, as tiogyesl
a variety of spectral shape and temporary evolution. XJ16084 is
different from them in several aspects (e.g., generallpdigharacter-
istic temperatures and dramatic spectral softening in B0+8154).
Therefore it is not clear whether XJ1500+0154 has the saimgmas
the other flares.

cretion phase, characterized by quasi-soft X-ray spestra500+0154
was discovered through the search over the detections iBXMM-
DR5 catalog that have S/N 20. We selected out sources that showed
large variability and/or soft spectra (e.g., HR3—0.7). Based on ob-
servations outside the Galactic plane (the galactic @eitt| > 20°)
and assuming that events like XJ1500+0154 have a mean Isityino
three times lower than that in X2 but have similar quasi-Xefay spec-

tra and last for 10 years, we estimated that we should be alletéct
aboutl.8 x 10%rn events, where is the event rate per galaxy per year
andn is the galaxy density per Mpc We assuméd n = 1.4 x 102
Mpc 3. We only discovered one with quasi-soft X-ray spectra,datii
ingr ~ 4 x 1077 gal™! yr~!. This is a conservative estimate because

There are several AGNs known to show significant spect@ursearch was still preliminary and the absorption effeas not taken

changes, between type 1 and type 2 in opﬁﬁ’% and/or between
Compton-thin and reflection-dominated states in XE&‘% There
are various explanations for them, including variable gitson and
changes in the accretion rate (due to, e.g., a TDE). SuppimyeFig-
urel8 in fact includes some such changing-look AGNs, e.gCNG65

into account. The real rate could be a factor of a few larger.

The above event rate calculation depends on the assumptibe o
duration of the super-Eddington accretion phase in thetsvéssum-
ing shorter durations would proportionally infer highetea Therefore
we cannot rule out a much higher rate for all super-Eddingtmeret-

and 1H 0707-495. These AGNs change between two AGN stand&@ TDEs as their super-Eddington accretion phase couldeherglly

spectral states with hard X-ray spectra. XJ1500+0154 fiereifit from
them in that it changed between two states unseen in staAdzxts,
with very soft X-ray spectra.

Dwarf starburst galaxies hosting luminous AGNs are also
tremely rare in the local Universe. Only a small number of dgalax-
ies are known to show active nuS&r®. Among them, only Henize
2-10 is in a starburst galaxy, with extremely low luminositythe
nucleus$s,

The column density inferred from the X-ray spectral fits igi-op
cally thin to Thomson electron scatteﬂﬁg Then the wind from the
central source can sweep up the gas into a shell and pushniaxals
at a velocity® of vy = (fu L8T2G/ fanso?)/® = 2700(fur / fans)"/®
km s7!, where fqas is the mass fraction of the gas, = 52 km s™!
is the velocity dispersion(s is gravitational constant, is the source
bolometric radiation luminosity~10** erg s™', and f,, L is the wind
energy. Given the super-Eddington accretion nature of dbece, we
eXpect fy / fsas to be> 1.0. Thereforev, > 2700 km s™*, and gas
within 1 kpc (the effective radius of the host galaxy) canest out in
<0.4 Myr, which is very short. Therefore the persistent luooisi AGN
explanation is hard to be reconciled with the star-formictiyiy of the
host galaxy.

We note that we do not have deep radio observations
XJ1500+0154 yet and that it was not detected in the radioeysrv
NVSS or FIRST. The low sensitivity of these surveys did naivalus
to rule out a persistent AGN based on the radio upper limit.

Comparison with other candidate TDEs

There are about 30 TDEs discovered thus far that are brigkt in
ray§92% Most of them had peak X-ray luminositg10** ergs s,
fast decay by about one order of magnitude in a year, and -safeX-
ray spectrakT < 0.1 keVy#2IT0I0ELS Figyre 2 plots a dashed line
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shorter than that of our event. Although super-Eddingtareton in
TDEs is probably rarer than previously thought, due to sléngue
larization effects, a significant fraction of TDEs are stilpected to

eShow a super-Eddington accretion pl@ssuided by the discovery of

XJ1500+0154, we tried to search for TDEs with quasi-sofe}(-spec-
tra (thus suggesting a super-Eddington accretion phasg) frewly
public XMM-Newton observations and have discovered two candidates
(Lin et al. 2017, in preparation). They have peak X-ray lupsity of
~10* ergs!. One of them is clearly in an outburst, with a rising time
less than 10 months, and the host galaxy showed no opticakami
lines, ruling out the presence of a persistently bright@eus! The other
one is consistent to be in an outburst too, with two X-ray ole@ns
showing the flux decay by a factor ef6 in 1.5 years, and the host is
a star-forming galaxy (or at the end phase of a starburstepttagen
the strong Balmer absorption). The durations of these tvemitsvstill
need to be constrained with future observations. Discoeérgddi-
tional quasi-soft X-ray objects in bright outbursts and @sts showing
no sign of persistent nuclear activity in the optical speestrongly sup-
port that they are super-Eddington accreting TDEs and tiht svents
might not be so rare.
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Supplementary Table 1| The X-ray Observation Log. Columns: (1) the observation ID with our designation giueparentheses, (2) the observation start date,
(3) the detector, (4) the off-axis angle, (5) the exposufetata used in final analysis, (6) radius of the source extmactgion, (7) the net count rate in the source
extraction region (0.3-3 keV foMM-Newton and 0.4-3 keV foChandra and Swift observations), with & error (but for observations rh601125n00, C1 and S2-S5,
the 3o confidence bounds are given).

Obs. ID Date Detector OAA T (ks) Fsre Count rate (10~ 2 counts s 1)
1) )] 3 4 (5) (6)
ROSAT :
rh601125n00  1998-01-18 HRI 13’8 1.9 10" 0t3-8
XMM-Newton:
0302460101(X1)  2005-07-23  pn/M1/M2 13’5  22/33/33  2077/20”7/20 1.45 + 0.40/0.74 £ 0.20/0.21 + 0.15
0554680201(X2)  2009-02-12 pn/M2 12’5 43/64 20"'120"" 37.4 £1.0/11.1 £ 0.4
0554680301(X3)  2009-02-18 pn/M2 12’5 42/64 20"120"" 35.6 £ 0.9/9.7 £ 0.4
Chandra:
5907(C1)  2005-04-02  ACIS-S1 1274 48 12774 0T0-2
9517(C2)  2008-06-05 ACIS-I3 14’6 99 16”7 11.1 +£0.3
12951(C3)  2011-03-28 ACIS-S1 1079 74 134 13.8 £ 0.4
13246(C4)  2011-03-30 ACIS-S1 1079 45 134 13.9 £ 0.6
13247(C5)  2011-03-31 ACIS-S1 1079 36 134 14.2 + 0.6
12952(C6)  2011-04-05 ACIS-S1 1079 143 1374 13.4 4 0.3
12953(C7)  2011-04-07 ACIS-S1 1079 32 1374 15.3 £ 0.7
13253(C8)  2011-04-08 ACIS-S1 1079 118 1374 13.8 £ 0.3
13255(C9)  2011-04-10 ACIS-S1 1079 43 13”4 13.3 £ 0.6
17019(C10)  2015-02-23 ACIS-S3 0’3 37 16 4.9 +£0.4
Swift:
00033207001(S1)  2014-03-28 XRT 170 8.7 25 1.9+0.5
00033207002(S2)  2016-02-03 XRT 3’8 3.1 25"
00033207003(S3)  2016-02-04 XRT 2’0 0.3 25" )7+1.3
00033207004(S4)  2016-02-05 XRT 1’5 2.7 25" 0.7
00033207005(S5)  2016-02-07 XRT 13 2.9 25"
00033207007(S6)  2016-02-10 XRT 12 3.0 25"
00033207008(S7)  2016-02-12 XRT 1’0 2.3 25" 2.8 4+ 0.7
00033207009(S8)  2016-02-14 XRT 14 1.4 25"
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Supplementary Table 2| Spectral fit results. Columns : (1) the observations; (2) the model; (3) intrirafisorption column density; (4) the apparent inner disk
temperature of the MCD; (5) the MCD normizatidviicp = ((Rmep/km)/(D/10kpe))? cos 6, where Ryrop is the apparent inner disk radiuB) is the
source distancd is the disk inclination; (6) the PL photon index; (7) the Plrmalization; (8) the reduceg? and degrees of freedom for fits using th# statistic
(we rebinned the spectra to have at least 20 counts in eadh bider to use the? statistic; other fits without reduceg? used the C statistic); (9) the 0.34-11.5 keV
luminosity, corrected for the Galactic absorption but mstiinsic absorption (10) the 0.34-11.5 keV luminositye(tast frame), corrected for the Galactic absorption
and intrinsic absorption. The fits used spectra within 003kdV for XMM-Newton and Swift and used spectra within 0.3—7 keV f6handra. Parameters without
errors were fixed in the fits. All errors are at the 90%-configelevel.

Observation model (10221\];[11*2) ki([“kl\eq\j;)D Nycp Tpr, (11\(;3%) X2 (V) Lal()f043 oo Sfi‘;)abs
@) @ ©) Q) ®) (6) 0] ®) © (10)
« MCD+PL 0.+4(2).17 0.'10%:_?1)2 210f§§%:31 2.5 46759 0.08%;%‘2; 055}%%2
MCD 0.00 %) 032012 0.08789% 0.0670:05  0.061905
P | ool S0 amtEs aattz | L | oost08 oostdE
o MCD~+PL 0.24%}%;5 0‘2925255 06?%52 2.5 14.8T17g | 1.03(105) 122%52 2.66;5%%
McD 0217005 0317002 3.047)00 1.06(106) | 1.177066 2317052
PL 0.64ng3§7 4.937059 464797 1.17(106) | 1197008 25712
| MeorP 0.2()%}%% 0283)5;%% 4.93%}512;; 2.5 1937117 | o0.88(98) | 1 19$§§§ 2 35%%
McD 0167005 0327002 2017080 0.94(99) | 1127002 1.937027
PL 0.5575 07 4697929 35913) 0.91(99) | 1.1570:00 1617
o MCD+PL 0.1%%&‘% 0321&;%2 222§§§ 2.5 9.971%% | 09842) | 1 131%5 1.84§§}g§
McD 0.0070 00 0357001 1.43T 0% 1.01(43) | 1.1at00% 1551050
PL 0.727518 5.027097  amti%e 0.92(43) | 1.027010 27777
MCD+PL | 0.14700% 0347007 0.801(3, 2.5 145750 | 0.97(137) | 0.64T002  1.0074 03
C3-C9 | wmcp 0.07759% 0407992 0.39%0-10 1.25(138) | 0.6079:92  0.74+9:0%
PL 0.4710-07 400018 147713 | 0.86(138) | 0.617002 4571077
“Y_0.18 40 _0.03 —22 +92_0.06 21_0.53
PL 0.811032 8.0119:99 1367 13% 0317008 9615}®
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Supplementary Figure 1| The SDSS optical spectrum of the candidate host galaxy of X3D0+0154 taken on March 3rd 2011, showing only narrow emissi
lines consistent with a starburst galaxy.The upper two panels zoom into the3HO Il1] and Ha-[N 1] regions, with the fit residuals. The pPXF fit is shown as a

solid green line, while the star component is shown as a ned Tihe data points outside the emission line regions hase $moothed with a box function of width 5,
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Supplementary Figure 3| The distribution of the mass and light with respect to the agérom the pPXF fit to the SDSS optical spectrum of the candidatéiost
galaxy of XJ1500+0154, indicating the presence of very yogn(< 5 Myr) populations. The light was integrated over source rest-frame 3ReMd 6800A.
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