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Abstract
The X-ray source 3XMM J150052.0+015452 was discovered as a spectacular tidal disruption event candidate
during a prolonged (>11 yr) outburst. It exhibited unique quasi-soft X-ray spectra of characteristic temperature
kT ∼ 0.3 keV for several years at the peak, but in a recent Chandra observation (10 yr into the outburst) a super-soft
X-ray spectrum of kT ∼ 0.15 keV was detected. Such dramatic spectral softening could signal the transition from
the super-Eddington to thermal state or the temporary presence of a warm absorber. Here we report on our study of
four new XMM-Newton follow-up observations of the source. We found that they all showed super-soft spectra,
suggesting that the source had remained super-soft for >5 yr. Then its spectral change is best explained as due to
the super-Eddington to thermal spectral state transition. The ﬁts to the thermal-state spectra suggested a smaller
absorption toward the source than that obtained in Lin et al. This led us to update the modeling of the event as due
to the disruption of a 0.75 Me star by a massive black hole of a few × 105 Me. We also obtained two HST images
in the F606W and F814W ﬁlters and found that the dwarf star-forming host galaxy can be resolved into a dominant
disk and a smaller bulge. No central point source was clearly seen in either ﬁlter, ruling out strong optical emission
associated with the X-ray activity.
Uniﬁed Astronomy Thesaurus concepts: Supermassive black holes (1663); X-ray transient sources (1852); Dwarf
galaxies (416); Accretion (14)
have been observed (e.g., Komossa et al. 2004; Wevers et al.
2021).
However, the very special TDE candidate 3XMM J150052.0
+015452 (XJ1500+0154 hereafter) stood out in showing a
unique spectral evolution that had never been seen before (Lin
et al. 2017b, Lin17 hereafter). It is a prolonged TDE candidate
coincident with the nucleus of a dwarf star-forming galaxy at
z = 0.14542 (DL = 689 Mpc, Lin17). Since an apparent fast rise
(within months) around 2005, it has remained X-ray bright (a
few × 1043 erg s−1) with very slow decay. In the peak, the
source had quasi-soft X-ray spectra of characteristic temperature kT ∼ 0.3 keV, and this phase lasted ∼6–10 yr. Interestingly, in a deep Chandra observation at 10 yr into the outburst,
the source clearly showed a different type of spectrum, supersoft or kT ∼ 0.15 keV. There were two most likely explanations
for such a dramatic spectral softening. One is a spectral state
transition, from the super-Eddington state in the peak to the
thermal state in the decay. This explanation is strongly
supported by its similarity to a transient, ultraluminous X-ray
source in M31 (Middleton et al. 2013), which showed a very
similar spectral evolution. An alternative explanation for the
spectral softening is the presence of a transient, highly
blueshifted (∼0.36c) warm absorber. In any case, both
explanations implied the presence of a very long superEddington phase in the peak.

1. Introduction
Stars in close encounters with massive black holes (BHs) in
galactic nuclei could be tidally disrupted and subsequently
accreted, resulting in giant multiwavelength ﬂares that could
last for months to years (Rees 1988; Komossa 2015;
Gezari 2021). Around ∼100 such tidal disruption events
(TDEs) have been found since the ROSAT All-Sky Survey in
1990 (Komossa & Bade 1999). Increasingly more TDEs have
been discovered in recent years thanks to large surveys, e.g.,
the All-Sky Automated Survey for Supernovae (ASAS-SN;
Shappee et al. 2014, Kochanek et al. 2017), the Zwicky
Transient Facility (van Velzen et al. 2021), and the All-Sky
X-ray Survey by SRG/eROSITA (Sazonov et al. 2021). Most
known TDEs were discovered in optical due to the dominance
of optical surveys. Surprisingly, they tend to be bright in
optical but weak in X-rays. Only a small fraction (∼30%) of
known TDEs are bright in X-rays and they tend to be weak in
optical. These X-ray TDEs mostly have super-soft X-ray
thermal spectra of characteristic temperatures ∼0.07 keV, and
in some of them, soft-to-hard X-ray spectral state transitions
Original content from this work may be used under the terms
of the Creative Commons Attribution 4.0 licence. Any further
distribution of this work must maintain attribution to the author(s) and the title
of the work, journal citation and DOI.
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Table 1
The XMM-Newton X-Ray Observation Log
Obs. ID
(1)

Date
(2)

OAA
(3)

T (ks)
(4)

Count rate (10−3 counts s−1)
(5)

2005-07-23
2009-02-12
2009-02-18
2017-07-21
2017-08-09
2018-01-20
2020-02-21

13 5
12 5
12 5
0 17
0 19
0 17
0 16

22/33/33
43/-/64
42/-/64
15/18/18
9/18/18
5/15/15
22/29/29

1.23 ± 0.46/0.78 ± 0.24/0.24 ± 0.20
37.3 ± 1.0/-/11.3 ± 0.5
35.1 ± 1.0/-/9.6 ± 0.4
29.9 ± 1.6/4.5 ± 0.6/5.9 ± 0.7
25.9 ± 1.9/4.2 ± 0.6/4.9 ± 0.6
33.1 ± 2.9/6.0 ± 0.8/5.6 ± 0.7
23.1 ± 1.2/4.5 ± 0.5/4.8 ± 0.5

XMM-Newton:
0302460101(X1)
0554680201(X2)
0554680301(X3)
0804370301(X4)
0804370401(X5)
0804370501(X6)
0844040101 (X7)

Note. Columns: (1) the observation ID (our designation is given in parentheses), (2) the observation start date, (3) the smallest off-axis angle among all cameras, (4)
the exposures of clean data after excluding periods of high background ﬂares, and (5) the 0.3–3 keV net source count rate (1σ error) in the source extraction region for
cameras pn, MOS1, and MOS2, respectively.

and applying the updated calibration ﬁles as of 2020 October.
In the new observations, X4–X7, there were soft proton ﬂares
from the Sun in X5–X7 in all cameras, most seriously in X5
and X6 but not in X4. Data in bright background ﬂares were
excluded.11 The source spectra were extracted from a circular
region of radius 20″ and the background spectra were extracted
from a large nearby source-free region of radius 50″–100″.
Table 1 lists the information of all the XMM-Newton
observations. Due to the signiﬁcant presence of the high
background ﬂares, X5 and X6 have low statistics. We
combined them with X4 to improve the statistics for spectral
ﬁts, because they are close to X4 in time (within half a year)
and turned out to have spectra very similar to each other.
There were 10 Chandra (C1–C10 hereafter) and 8 Swift (S1–
S8 hereafter) observations. They had all been analyzed
by Lin17, and we used the same spectra obtained in that study
with one exception. In Lin17, S2–S5 and S6–S8 were shown to
have different spectra at the 2.5σ conﬁdence level and were
combined separately into two spectra. Given that S2–S8 have
very low statistics and that they were taken very close in time
(within two weeks), we combined S2–S8 into a single
spectrum. We note that the Chandra observations C3–C9,
taken within two weeks, were also combined into a single
spectrum in Lin17, and it is also used in this Letter.
The X-ray spectra from XMM-Newton and Chandra had
enough counts (>5σ) and were ﬁtted within the X-ray-ﬁtting
package XSPEC (version 12.10.1, Arnaud 1996). Because the
spectra generally do not have very high statistics, we rebinned
the source spectra to have at least one count per bin and
adopted the W statistic, which is modiﬁed from the C statistic to
account for the inclusion of background spectra (Wachter et al.
1979). Similar to Lin17, we applied the source redshift
z = 0.14542 to all the spectral models with the convolution
model zashift. All models included the Galactic absorption
(ﬁxed at NH = 4.4 × 1020 cm−2, Kalberla et al. 2005) using the
tbabs model and the absorption intrinsic to the source using the
ztbabs model. We used the Wilms et al. (2000) abundance
tables. We allowed the relative normalizations between XMMNewton cameras to vary in order to account for cross
calibration uncertainties.
The two HST images were taken on 2017 May 27 (about two
months before X4) under the program GO-14905. One image

Given its coincidence with a galactic nucleus, a natural
explanation for the large outburst of the source is a TDE. Its
very slow decay and unique spectral evolution, however,
requires a different way of modeling than those for other TDEs.
First, the super-Eddington effects have to be taken into account.
When the accretion rate reaches above some level, the inner
accretion disk begins to reach the local Eddington limit (Lin
et al. 2009), and the luminosity will not linearly scale with the
mass accretion rate any more, but instead probably logarithmically (thus with a lower radiative efﬁciency than a standard
disk), due to the presence of photon trapping and outﬂows in
the inner disk (Ohsuga & Mineshige 2007; Krolik &
Piran 2012; King & Muldrew 2016). Second, the very long
super-Eddington phase requires either disruption of a very
massive (∼10 Me) star, which is expected to occur very rarely,
or slow circularization. In the standard TDE theory, the stellar
debris streams are quickly circularized and accreted after falling
back to the periapsis. However, several numerical studies
showed that the debris streams might intersect each other and
get accreted at a much larger distance than predicted in the
standard theory (Kochanek 1994; Guillochon & RamirezRuiz 2015; Piran et al. 2015; Shiokawa et al. 2015; Hayasaki
et al. 2016). In this case, a long viscous timescale τvisc, thus
very slow circularization, is expected, resulting in a fainter but
longer TDE. Incorporating the super-Eddington effects and
slow circularization of τvisc = 3 yr, Lin17 was able to construct
a TDE model of disrupting a 2 Me star by a 106 Me BH to
explain the overall evolution of the event.
Since Lin17, we have obtained four new XMM-Newton
observations to monitor the X-ray ﬂux and spectral evolution of
XJ1500+0154 in order to further understand the cause of
different spectral states and the nature of the event. We have
also obtained two HST images to investigate the properties of
its host galaxy. In this Letter we present the results of these new
observations. In Section 2, we describe the data analysis. In
Section 3, we present the results. The conclusions and the
discussion of the nature of the event are given in Section 4.
2. Data Analysis
Thus far, there are seven total XMM-Newton observations
(X1–X7 hereafter) of XJ1500+0154, and three (X1–X3) were
analyzed in Lin17. However, for consistency, we reduced all
XMM-Newton observations again in the normal way as we did
for the ﬁrst three observations in Lin17 but using SAS 18.0.0

11
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Table 2
Spectral Fit Results for XMM-Newton and Chandra Spectra
Obs.

Model

X1

diskbb+PL

C2
X2
X3
C3–C9
C10

nthComp
nthComp
nthComp
nthComp
diskbb+PL

X4–X6

diskbb+PL

X7

diskbb+PL

Parameters
+0.08
+8095
kTdiskbb = 0.110.05 keV, Ndiskbb = 46-45 ,
+3.4
-6
ΓPL = 2.5, NPL = 3.9´
10
2.9
+0.93
kTbb = 0.21 ± 0.04 keV, kTe = 1.0 keV, G = 4.250.51
+1.65
kTbb = 0.23 ± 0.03 keV, kTe = 1.0 keV, G = 5.08-0.75
+0.52
kTbb = 0.18 ± 0.02 keV, kTe = 1.0 keV, G = 4.020.36
kTbb = 0.15 ± 0.02 keV, kTe = 1.0 keV, Γ = 3.32 ± 0.13
+77.8
kTdiskbb = 0.148 ± 0.013 keV, Ndiskbb = 83.740.3 ,
+1.6
6
ΓPL = 2.5, NPL = 1.9-1.1 ´ 10
+11.9
kTdiskbb = 0.167 ± 0.009 keV, Ndiskbb = 37.29.0 ,
ΓPL = 2.5, NPL = 3.2 ± 1.7 × 10−6
+21.2
kTdiskbb = 0.155 ± 0.010 keV, Ndiskbb = 45.814.4 ,
ΓPL = 2.5, NPL = 2.9 ± 1.9 × 10−6

W(ν)

Labs

Lunabs

197.4(192)

+0.04
0.070.03

+0.26
0.250.13

155.8(187)
579.7(593)
585.6(617)
299.2(387)
67.4(62)

1.10 ± 0.09
1.26 ± 0.06
1.21 ± 0.06
0.62 ± 0.02
+0.06
0.340.05

2.67 ± 0.39
3.11 ± 0.18
3.11 ± 0.20
1.55 ± 0.09
+0.39
1.480.31

517.7(563)

0.33 ± 0.02

1.25 ± 0.10

380.1(408)

0.27 ± 0.02

1.07 ± 0.11

Note. The ﬁts used data within 0.3–10 keV for XMM-Newton and data within 0.3–7 keV for Chandra. All models include Galactic absorption of column density
NH, Gal = 4.4 × 1020 cm−2 and the absorption intrinsic to the X-ray source at redshift 0.14542 NH, i. The intrinsic absorption was ﬁxed at NH, i = 2.65 × 1021 cm−2,
the best-ﬁtting value from the simultaneous ﬁt to the C10, X4–X6, and X7 thermal-state spectra. Labs and Lunabs, in units of 1043 erg s−1, are both the source rest-frame
0.34–11.5 keV luminosity, with the former corrected for the Galactic absorption only and the latter corrected for both Galactic and intrinsic absorption. All errors
given are at the 90% conﬁdence level. Parameters without errors were ﬁxed in the ﬁts. The W statistic values and the degree of freedom are given.

used the WFC3/F606W ﬁlter (effective wavelength 5779 Å)
with four exposures of 375 s each (1500 s in total). The other
image was taken with the WFC3/F814W ﬁlter (effective
wavelength 7968 Å) and had two exposures of 351 s each
(702 s in total). The DrizzlePac software was used to produce
the drizzled stacked count images, one for each ﬁlter. The pixel
size was set to be 0 03 for both images. We ﬁtted the galaxy
proﬁle using the GALFIT software (Peng et al. 2010). There
are not many bright stars for construction of the point-spread
function (PSF), and we used a nearby star to derive an
empirical PSF.

and the intrinsic absorption, making the inference of NH, i
through the ﬁts to these spectra unreliable. Because the new
XMM-Newton observations strongly support that since C10
the source has been in the well understood thermal state, which
has a standard model of a dominant thermal disk plus a weak
PL, we changed to infer NH, i through the ﬁts to the thermalstate spectra instead. After jointly ﬁtting the three thermal-state
spectra C10, X4–X6, and X7 with NH, i tied to be the same, we
inferred NH, i = 2.6 ± 0.6 × 1021 cm−2. This intrinsic column
density was lower than that used in Lin17 (4.3 × 1021 cm−2)
and was adopted in all the ﬁnal spectral ﬁts that we will present
hereafter, unless speciﬁed otherwise.
For the quasi-soft X-ray spectra (C2, X2, X3 and C3–
C9), Lin17 had shown that the ﬁts to these spectra with the
thermal-state model would infer unphysically high disk
temperatures. Therefore, Lin17 modeled them with the
Comptonization model compTT. In this Letter, besides
adopting a new NH, i value obtained above, we changed to
use the Comptonization model nthComp (Zdziarski et al. 1996;
Życki et al. 1999; Lightman & Zdziarski 1987) instead.
Although both nthComp and compTT can provide a very
similar quality of ﬁts, the nthComp model allows to specify
disk–blackbody seed photons of the temperature kTbb. The
other parameters of the model are the electron temperature kTe,
asymptotic PL photon index Γ, and normalization. Applying
NH, i obtained above, we ﬁnd that the electron temperature still
cannot be constrained well in the ﬁts to individual spectra.
Therefore, we jointly ﬁtted all the quasi-soft X-ray spectra with
their electron temperatures tied to be the same and obtained
+2.5
kTe = 1.00.3 keV. This value was ﬁxed in the ﬁnal ﬁts to the
quasi-soft X-ray spectra.
The ﬁnal spectral ﬁt results are listed in Table 2 and shown
in Figure 1, which plots the evolution of the unabsorbed X-ray
luminosity and X-ray spectra with time. X4–X7 clearly show
the super-soft thermal-state spectra as seen in C10. Although
we observed the overall decrease of the luminosity from C10 to
X4–X7 by 20%, the inferred disk temperature is slightly higher
in X4–X7 (kTdiskbb ∼ 0.16–0.17 keV) than in C10
(kTdiskbb ∼ 0.15 keV), at the 3σ conﬁdence level. This could
be due to a systematic cross calibration problem between

3. Results
3.1. X-Ray Follow-ups
The four new XMM-Newton follow-up observations, X4–
X7, were to check whether the X-ray spectra of XJ1500+0154
remained as super-soft as seen in the last Chandra observation
C10 or were similar to the quasi-soft spectra seen in the initial
peak. The ﬁts to the new XMM-Newton X-ray spectra X4–X6
and X7 with the standard thermal-state model, a thermal disk
(diskbb in XSPEC, Mitsuda et al. 1984) plus a weak power law
(PL), inferred a dominant disk of kTdiskbb ∼ 0.15 keV, thus
similar to C10. This means that the source has remained supersoft for at least ∼5 yr. Then such spectra are very unlikely to be
caused by transient, highly blueshifted warm absorbers, which
would require maintaining such an extreme environment
steadily for a long time. Instead, it seems more natural to
attribute them to the thermal state after transition from the
super-Eddington state in the peak. Hereafter, we will focus on
this scenario and explore the ﬁts with the diskbb+PL model for
these spectra in detail.
In order to track the spectral evolution over time, it is desired
to tie and ﬁx the intrinsic absorption column density NH, i to the
same value in the ﬁts to all spectra. This assumes NH, i is
caused by the gas-rich host, not by the TDE itself. In Lin17,
NH, i was inferred by jointly ﬁtting the quasi-soft spectra, which
occurred in the peak of the event and were most likely due to
Comptonization. The main problem for this method was that
there was a degeneracy between the seed photon temperature
3
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Figure 1. Top panel: the long-term evolution of the X-ray luminosity (0.34–11.5 keV, source rest frame, corrected for both Galactic and intrinsic absorption) from
XMM-Newton (red triangles), Chandra (blue squares), and Swift observations (green circles). Errors are at the 90% conﬁdence level, except for C1, for which the 3σ
upper limit was given. The solid line is a model of disrupting a 0.75 Me star by a BH of mass 2.2 × 105 Me with slow circularization and super-Eddington effects (see
text). The dashed line plots a standard TDE model of t−5/3, assuming a peak X-ray luminosity the same as XJ1500+0154 and occuring at two months after the stellar
disruption. Bottom panels: sample unfolded X-ray spectra. X1, C10, X4–X6, and X7 are ﬁtted with a diskbb (red dotted line) plus PL (green dotted–dashed line)
model, while the others were ﬁtted with the nthComp model. For visual purpose, the spectra are rebinned to be above 2σ in each bin in the plot, and for XMM-Newton
observations, only pn spectra are shown.

different instruments. The disk temperature was indeed lower
in X7 than X4–X6 by 0.012 keV, but at the conﬁdence level of
only 0.9σ. Clearly further observation over larger decay is
needed to check whether the disk cools with decreasing
luminosity as expected for the thermal state.
For the quasi-soft X-ray spectra, the seed photons were
inferred to have temperature in the range of 0.15–0.23 keV,
which is close to the disk temperature obtained in the thermal
state. This is a hot-seed solution, while in Lin17, a cold-seed
solution (kT = 0.04 keV) was adopted.
Swift observations have too low statistics for meaningful
spectral ﬁts, and their spectral states are difﬁcult to identify.
The hardness ratio seems to support that S1 might have a quasisoft X-ray spectrum like C3–C9 (Lin17), and thus its
luminosity was inferred assuming the best-ﬁtting model to
C3–C9. S2–S8 were one year after the ﬁrst clear thermal-state
detection, C10. Given that the source had been consistently
detected in the thermal state in the four new XMM-Newton
observations after C10, we assumed that S2–S8 was also in the
thermal state and estimated its luminosity based on the ﬁt
to C10.

Overall, the unabsorbed X-ray luminosities are roughly a
factor of 2.0 lower than those obtained in Lin17 due to a lower
intrinsic absorption inferred here. The new XMM-Newton
observations, X4–X7, follow the global trend of slow decay,
from the unabsorbed rest-frame 0.34–11.5 keV luminosity
1.5 ± 0.3 × 1043 erg s−1 in C10 to 1.3 ± 0.1 × 1043 erg s−1 in
X4–X6, and 1.1 ± 0.1 × 1043 erg s−1 in X7. These thermalstate luminosities are lower than seen in the peak
(3.2 ± 0.2 × 1043 erg s−1 in X2–X3).
3.2. Host-galaxy Imaging
The two HST images of the host galaxy of XJ1500+0154
are shown in the left panels in Figure 2. This dwarf starforming galaxy seems to have a disk and a bulge, and the X-ray
emission is consistent with emanating from the center of the
galaxy based on the X-ray position from C10. We therefore
ﬁtted the proﬁle of the host galaxy with two Sérsic functions,
one for the disk and the other for the bulge. The ﬁtting residuals
are shown in the right panels in Figure 2, which indicate good
ﬁts. Table 3 lists the ﬁtting results. The disk component has an
effective radius ∼1.4 kpc and a Sérsic index ∼0.85 in both
ﬁlters. The bulge component has an effective radius ∼85 pc
4
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Figure 2. Left panels: the two HST images around the ﬁeld of XJ1500+0154. The blue cross marks the center of its host galaxy, and the green circle of radius 0 18
(0.5 kpc) indicates the 95% positional uncertainty of the source from the Chandra observation C10. Right panels: GALFIT residuals with two Sérsic functions.

and a Sérsic index ∼1.6 in both ﬁlters. The small Sérsic index
of the bulge component is consistent with the fact that this is a
dwarf galaxy (Savorgnan et al. 2013). The bulge is ∼1.5 mag
fainter than the disk in both ﬁlters.
The measurement of the bulge luminosity can be used to
infer the central BH mass using the scaling relation between the
BH mass and the bulge. We estimated the B-band absolute
magnitude of the bulge to be ∼−16.9 mag (Galactic-extinctioncorrected) by linearly extrapolating the F606W and F814W
photometry. Then, based on the BH mass–bulge scaling
relation from Graham & Scott (2013), we inferred the BH
mass to be a few × 105 Me, in agreement with the value
inferred from the X-ray spectral ﬁtting (see Section 4).

The ﬁt residuals in Figure 2 do not indicate the presence of a
central point source that can be associated with the X-ray
activity. We tried to add a point source in the ﬁts. In order to
prevent it from converging to the ﬁtting residuals of the bulge,
we forced the point source to reside right at the center of the
bulge in the ﬁts. We found that the ﬁts were hardly improved
with the addition of a central point source. For the F606W
image, the total χ2 value of the ﬁt was just reduced by 17. The
inferred magnitude was mF606W = 24.3 ± 0.3 AB mag, or 22.6
AB mag after extinction correction (the extinction was
and
estimated
assuming
E(B − V ) = 1.7 × 10−22NH
21
−2
NH, i = 2.6 × 10 cm inferred from the X-ray spectral ﬁts).
For the F814W image, the total χ2 value of the ﬁt was not
reduced at all by adding a central point source.
5

Outer Sérsic
Filter
F606W
F814W

Inner Sérsic

AB mag

re (pc)

Index

Axis Ratio

PA (deg)

AB mag

re (pc)

Index

Axis Ratio

PA (deg)

20.83 ± 0.01
20.20 ± 0.01

1415 ± 6
1428 ± 12

0.83 ± 0.01
0.90 ± 0.02

0.50 ± 0.01
0.53 ± 0.01

−55.0 ± 0.2
−54.9 ± 0.5

22.28 ± 0.01
21.83 ± 0.02

86 ± 1
81 ± 2

1.77 ± 0.07
1.47 ± 0.15

0.64 ± 0.01
0.75 ± 0.02

−20.1 ± 1.2
−15.7 ± 4.4

cn2 (n )
1.19(39984)
1.16(39223)
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Table 3
The Proﬁle Fit Results for the Two HST Images with Two Sérsic Components Using the Software Package GALFIT

6
Note. All errors are at the 1σ conﬁdence level. For each Sérsic component, we list the AB magnitude, effective radius re, index, axis ratio, and positional angle. The last column is the reduced χ2 value and the degrees of
the freedom of the ﬁt.
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images did not clearly show a central point source that might be
associated with the X-ray activity, and we inferred
mF606W  22.6 AB mag (extinction-corrected). This corresponds to an absolute magnitude of −16.6 AB mag and a
luminosity λLλ < 0.9 × 1042 erg s−1 or <2.4 × 108 Le. This
limit is a factor of 50 above the prediction from the ﬁt to the
X4–X6 spectra using the optxagnf model, but it is low,
compared with other optical bright TDEs (∼109–1010 Le at
peak at the similar wavelength, e.g., Holoien et al. 2016). It is
not clear whether this is because XJ1500+0154 has a smaller
BH than in optical bright TDEs or because it is intrinsically
weak in the optical like most X-ray TDEs. In comparison, the
peak absolute magnitude in F606W is about −13.2 AB mag in
the intermediate-mass BH TDE 3XMM J215022.4–055108
(Lin et al. 2018).
XJ1500+0154 remains one of the most spectacular TDE
candidates thus far. There have been some puzzling nuclear
transients/outbursts of super-soft X-ray spectra but with
peculiar light curves (e.g., Lin et al. 2017a; Miniutti et al.
2019; Ricci et al. 2020; Arcodia et al. 2021; Malyali et al.
2021), and there are debates on whether they are TDEs or
special active galactic nuclei (AGNs). It is hard to rule out the
presence of the AGN optical signature in XJ1500+0154 due to
its modest absorption in the star-forming host (Lin17). Its TDE
nature can be tested with future long-term X-ray monitorings.
Our model predicts the luminosity to decay by one order of
magnitude from X7 in the next 14 yr.

4. Discussion and Conclusions
The main result that we obtained from the four new XMMNewton follow-up X-ray observations of XJ1500+0154 is that
the X-ray source seemed to have remained super-soft for at
least ∼5 yr since C10 on 2015 February 23, which strongly
supports the identiﬁcation of the thermal state for these
observations. The new high-quality thermal-state spectra can
be ﬁtted to infer the properties of the central BH with the more
physical model optxagnf (Done et al. 2012). We jointly ﬁtted
the XMM-Newton spectra X4–X6 and X7 (C10 was not
included in order to minimize the cross calibration systematic
error, though the results turned out to be almost the same even
if we included it). In order to model the thermal-state spectra,
we speciﬁed in the model that the gravitational energy released
in the disk is emitted as a color-corrected blackbody down to a
coronal radius, within which the available energy is released in
the form of a PL. The PL component was very weak, as in the
ﬁts with the diskbb+PL model. The PL index was ﬁxed at 2.5.
The free parameters included the Eddington ratio and the
coronal radius. The BH mass, the BH spin, and the intrinsic
column density parameters were also left free but were tied to
be the same for all the spectra. The inferred intrinsic column
density 2.5 × 1021 cm−2 is very close to that obtained with the
diskbb+PL model. The BH mass and spin parameters are
degenerate. We found that the dimensionless spin parameter a*
needs to be >0.8, corresponding to a BH mass of >2.2 × 105
Me, if we required the thermal-state luminosity to be subEddington. When the maximal spin of a* = 0.998 was adopted,
the maximal BH mass of 7.6 × 105 Me was obtained, with the
luminosity corresponding to an Eddington ratio of 0.25.
Lin17 constructed a TDE model to explain the long-term
evolution, assuming disruption of a 2.0 Me star by a
nonspinning 106 Me BH. The model took into account slow
circularization (τvisc = 3 yr) and super-Eddington effects. To
account for the super-Eddington effects, the luminosity was
assumed to scale with the accretion rate until the mass accretion
rate M d reaches the 0.5 isotropic Eddington limit M Edd , above
M d
which,
the
luminosity
scales
with
as
1.0 + log (M d 0.5M Edd ). The bolometric correction factor from
the X-ray unabsorbed luminosity was 4.0 in Lin17. Here, we
update the model, mostly driven by the use of a lower intrinsic
column density, which results in lower X-ray luminosities by a
factor of ∼2 and a lower bolometric correction factor (2.0
instead of 4.0). Therefore, the bolometric luminosities that we
inferred in this Letter are a factor of 4.0 lower than obtained
in Lin17. Applying the same model of the same τvisc value but
assuming a 2.2 × 105 Me BH of a* = 0.8, we ﬁnd that the
disruption of a star of mass 0.75 Me can describe the evolution
of the source very well (Figure 1). Disruption of such a much
smaller star than obtained in Lin17 is more likely (by a factor of
∼3, Kochanek 2016). As noted in Lin17, there is a degeneracy
between the viscous timescale and the stellar mass, with a more
massive star needed for a smaller viscous timescale assumed.
Based on the new model, the total energy released and the
total mass accreted until X7 were 2.0 × 1052 erg and 0.28 Me,
respectively. These values are the highest among TDEs of
small BHs (Li et al. 2002; Komossa et al. 2004; van Velzen
et al. 2016; Lin et al. 2020; Mockler & Ramirez-Ruiz 2021).
We obtained two HST images of the host galaxy with the
F606W and F814W ﬁlters in 2017, when the X-ray source was
bright in the thermal state. The dwarf star-forming host galaxy
was resolved into a dominant disk and a smaller bulge. The
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(https://cxc.harvard.edu/cda/, obsID: 5907, 9517, 12951,
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