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Tidal Disruption Events and X-ray Observations

•Signature of a star being disrupted by a SMBH in galactic nuclei

•Months-years lasting in X-ray and UV/optical as well

•Soft black-body X-ray emission, typical for ROSTA TDEs in 2000 

•An invaluable class for studying the evolution of accreting matter  
around SMBHs 

kT = 42±0.7 eV 
Γ = 3±1
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eROSITA

ART-XC
SRG satellite

eROSITA Survey for a New and Large X-ray TDE sample

•eROSITA: 

•  Launch in December 2019  

•  ~ 0.5-2 keV (as main band) 

•  ~ 10 times higher sensitivity than ROSAT 

•  On-going all-sky scans (= eRASS) 
    at a cadence of ~ 6 months 
    -> 8 scans in total  

•3 scans were already completed 
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(Fig.: I. Grotova)

• 421 Nuclear Transients


• after additional filtering (prior follow-
up)


• 61 soft candidates/yr, ~ 30 per eRASS
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Figure 2: Left: Cumulative histogram of TDEs reported in the literature, color-coded by the
wavelength in which they were discovered, X-ray (black), UV (blue), gamma-ray (purple), and
optical (green). Right: Peak luminosity versus blackbody temperature for 56 TDEs reported in the
literature, color coded by the wavelength in which they were discovered, UV/optical (green), X-ray
(black), including the 10 of the UV/optically selected TDEs with detected X-ray components (grey).
The UV/optical luminosities are calculated for the entire blackbody, while the X-ray luminosities
are only for the 0.3-2 keV band, but should account for most of the bolometric luminosity given the
extremely soft temperatures observed. The region of expected thermal emission from a circularized
debris disk formed from the tidal disruption of a solar-type star by a 106 � 108M� black hole is
shown in orange. Note that neither of the two components are in agreement with emission expected
from a simple debris disk.

those measurements. All of these nuclear transients have been shown to not harbor an

active galactic nucleus (AGN) or a supernova (SN) in the host galaxy nucleus, with a TDE

as the most viable explanation for the flaring source. In principle TDEs should occur around

massive black holes that have an AGN accretion disk, and at least one strong candidate has

been reported in a Narrow-Line Seyfert 1 galaxy (Blanchard et al. 2017). TDEs in an AGN

host may even produce interesting signatures from the interaction with the debris streams

with the pre-existing AGN disk that could distinguish them from TDEs around quiescent

black holes (Chan et al. 2019). However, there are too many ways in which observations of

a variable AGN could be mistook with the signatures of a TDE flare, and so I avoid these

candidates to ensure the purity of the TDE census. In Figure 2 we show the cumulative

number of TDEs reported in the literature as a function of time and color-coded by the

survey waveband. Once can see how wide-field optical surveys have played an important

role in the last decade in discovering TDEs, and account for almost 2/3 of all the reported

TDEs to date.

One of the most distinguishing characteristics of TDEs is that their continuum is very
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• 421 Nuclear Transients


• after additional filtering (prior follow-
up)


• 61 soft candidates/yr, ~ 30 per eRASS


• Higher identification rates than recent 
optical surveys !  
(i.e., ~ 40 candidates/yr)  


• Now is the time for systematic follow-
up obs. toward X-ray TDEs 
(Caution: this is until ~ 2024)

ROSAT

XMM/CXO archive

eROSITA

Nuclear transients sample statistics 
(for one year b/w June 2020-June 2021)



Brief Description of Search Procedure

kT~90eV

F λ
 (e

rg
 c

m
-2

 s
-1

 Å
-1

)

Rest frame wavelength (Å)

TDE

AT 2019avd

low-lum. AGN / star forming

Quiescent Galaxy

Hβ [OIII]

Hγ

Hγ

Hγ

FeXIV

FeXIV

HeII

OII

OII

Ca II H+K

•Weekly search for new nuclear transients from galaxies without prior signs 
of AGN activity


• Initial automatic selection based on

•X-ray softness

•Flare amplitude compared to previous eRASSs

•Host galaxy properties or in pre-burst (e.g., W1-W2<0.5mag)

•GAIA proper motion 

X-ray/UV/Optical/Radio Follow-up

•Verification and removal of contaminants

•Redshift measurements

•Light curve and spectral evolution

•Energetics




Optical Spectroscopy Follow-up Efforts
Massive effort by many people combining a wide range facilities around the globe

LCO 2m + FLOYDS (MPE Time)

• Queue-schedule access (~21 observations) 


ANU 2.3m + WiFeS (G. Anderson, J. Miller-Jones, A. Kafka; AAL)

• Monthly observations (9 nights so far, ~30 targets)


3.5m ESO NTT + EFOSC (PI: A. Malyali)

•Guest observer program (48 targets)


3.8m SEIMEI (PI: T. Kawamuro, Y. Toba; IECs)

•ToO Guest observer program (1 target) 
※ Only ToO access to spectroscopy 


6.5m Magellan (PI: F. Di Mille, S. Ciroi; IECs)

•Opportunity observations (12 sources)


~10m SALT (PI: D. Buckley; MoU)

•SALT Transient ToO project (4 sources)


  Data stored on the SciServer

LCO 2m SALT

SEIMEI

ANU 2.3m

ESO NTT

Magellan



Our on-going project using Seimei/KOOLS-IFU

•Why Seimei/KOOLS-IFU ? 

•ToO Access :  
Only ToO access for ``spectroscopy” is invaluable  
to study time-variable TDEs   

•Source Identification :  
FoV of ~ 8 arcsec covers the positional uncertainty for 
eROSITA sources (i.e., d ~ 9 arcsec for ~ 3 sigma)  

•High Sensitivity :  
Sufficient spectroscopy sensitivity for most of  
eROSITA TDE candidates at z < 0.2 
→ for 18.5 mag. sources, 1 hr for 15 sigma detection per 10Å 
→ easier for brighter optical TDE flares 

Fig. 2: Five spectra taken for an optically-selected TDE

from a peak to 105 days, when optical light was dominated

by the host galaxy (Hung et al. 2017).

+ Various Potential Discussion Items:

For each candidate, we will conduct five observa-
tions, each with observing time of 2 hrs, at a ca-
dence of ≈ 10–20 days over 100 days. The choice
of these cadence and duration is a good starting
point to make comparisons with results obtained for
optically-selected TDEs (Figure 2; see Hung et al.
(2017) for a compilation of ≈ 10 TDEs).
Successively-obtained wide 4000–9000 Å spectra

by the KOOLS-IFU/VPH-blue will enable to study
the accretion flow following the TDE, and also to
discuss similarity and di↵erence of the accretion flow
between X-ray- and optically-selected TDEs● Evolution of Blue Continuum Emission:

First, we will investigate the faintness of blue continuum emission (this component can be seen below ∼
5000 Å in Figure 2), relating to the size of a thermal emitting region (e.g., disk). The eROSITA results so
far were based on the observations of the X-ray brighter objects, as it was easy to obtain their spectra even
by the 2-m telescopes. As fainter objects will be observed by Seimei with higher sensitivity, we will be able
to discuss whether optical emission of X-ray-selected TDEs is ubiquitously fainter or not in a less biased
sample. Also, depending on follow-up X-ray observations, it will be also possible to study reverberation
mapping of X-ray and optical emission. An obtained result will be a key to discuss an often-discussed idea
that optical emission is the result of X-ray emission reprocessed in a thick layer of accretion flow.● Evolution of Spectral Line Width:

The narrowness of spectral lines, suggested from an eROSITA TDE candidate (Malyali et al. 2021), is also
an interesting feature to be investigated, as the line width may be related to the density of the accretion flow.
Some optically-selected TDEs showed a decrease of line width with decreasing luminosity (e.g., Holoien et al.
2016). This trend is di↵erent from those found for AGNs, and is sometimes explained by a scenario that with
decreasing accretion rate, electron scattering which widens the line works less e�ciently. Our observations
will enable us to discuss the accretion flow in terms of gas density, while confirming the decreasing trend.● Evolution of Line Ratio:

Lastly, the ratio of He II�4686 and H↵ emission, often bright in TDEs (Figure 2), is another key to
understand the accretion flow. Optically-selected TDEs sometimes showed weak Blamer emission lines in
spite of bright He II emission, that is, the presence of strong UV emission ionizing H as well as He. van
Velzen et al. (2020) presented a trend that He II brighter TDEs would have more compact accretion flows,
where optically-thick reprocessing can suppress the hydrogen emission (Roth et al. 2016). Thus, the line
ratio is an observable helpful to discuss the formation of the compact disk, and further its time evolution
will tell us whether the accretion flow evolves between a compact disk and an extended flow.

3 Observation Details

Fig. 3: r-band magnitude distribution of

galaxies with stellar mass

To determine the requested nights (i.e., one night for each TDE,
and three nights in total), we referred to Khabibullin et al. (2014),
who studied how far away TDEs could be detected by eROSITA.
Following one of their results, we considered SMBHs with 106 Msun

from which eROSITA can find TDEs up to z ∼ 0.2. Given an
observed ratio between the SMBH mass and the galaxy stellar mass
(∼1/3000; Reines et al. 2015), the host galaxies would be heavier
than ∼ 3 × 109Msun. Figure 3 shows the r-band mag distribution
of the corresponding galaxies, created with a HSC galaxy catalog.
A peak can be seen at 18.5 mag. Then, the requested nights are
adjusted so that we can detect H↵ emission from candidates down
to the level of the host galaxy (= 18.5 mag). H↵ emission line is
selected as the line may be fainter than the He II line, while both
are the lines we are interested in. The VPH-blue can detect 18.5 mag emission at S/N ≈ 7 with ≈ 1.3
hrs, or ∼ 2 hrs including over-head. Here, 5” seeing and 10 Å resolution are assumed. As we consider five
observations for each of three candidates, we request 30 hrs (2 × 5 × 3), or three nights, in total.

2

r-band magnitude

•z < 0.2 

• log(MBH/Msun) > 6  
log(Mgal/Msun) > 9.5  

(※ from HSC data)



Optical studies of (optically selected) TDE candidates so far 
UNIFIED TDE MODEL 3
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Figure 1. A schematic picture showing the viewing-angle dependence for the observed emission from a TDE super-Eddington disk. The
emission from the inner disk is reprocessed by the optically thick outflows and outer disk. Only when the observer is looking into the optically
thin funnel is the inner disk exposed, which can reveal strong, beamed X-ray and EUV radiation. Otherwise, X-ray is reprocessed into
optical/NUV emission via photoionization (in denser outflow or disk at high inclination angles) or adiabatic cooling (in ultrafast outflow at low
inclination angles). A jet is included in the picture for completeness, though most TDEs may not produce jets.

used a spherically symmetric envelope with ad-hoc profile
for calculations. A general relativistic simulation of a super-
Eddington TDE disk is the key to provide a clear, qualitative
understanding of the outflow profile and the viewing-angle
dependence of the observed emission.

2.1. Fully 3D GR Radiation MHD simulation set up

We simulate a super-Eddington TDE disk using the
fully 3D general relativistic radiation magnetohydrodynam-
ics (GRRMHD) code called HARMRAD (McKinney et al.
2014), which treats radiation under M1 closure (Levermore
1984). The gas is assumed to have solar chemical abun-
dances (mass fractions of H, He, and “metals”, respectively,
X = 0.7,Y = 0.28,Z = 0.02), so its electron scattering opacity
is es = 0.2(1 + X) cm2 g-1. For absorption and emission,
frequency-mean opacities are used (see McKinney et al.
(2015) for the expression; also the Chianti opacity is turned

off as it is unimportant for the TDE disk temperature). Ther-
mal Comptonization is also included. There are 128 cells in
radius r from 1.2 Rg to 105

Rg (Rg = GMBH/c
2 is the grav-

itational radius of the black hole) with cell size increasing
exponentially until r ⇡ 500 Rg and then even faster, 64 cells
in ✓-grid from 0 to ⇡ with finer resolution in the jet and disk
region, and 32 cells in �-grid spanning uniformly from 0
to 2⇡. We provide large-scale poloidal magnetic flux to the
initial disk with plasma beta of ⇠ 20 - 30.

We tailor the parameters and initial conditions to be study
TDE disks. The SMBH has a mass MBH ⇡ 5⇥ 106

M�
and spin parameter a = 0.8. The initial disk is Keplerian with
a rest-mass density that is Gaussian in angle with a height-
to-radius ratio of H/R ⇡ 0.3. Radially the density follows a
power-law of ⇢ / r

-1.3 out to Rdisk = 500 Rg and exponen-
tially decays with r > Rdisk. We set up a small disk, since in
TDEs stellar debris is provided to the SMBH from a close

We select the regions outside of the Balmer lines and the He II
emission line in the host-subtracted spectrum to estimate the
continuum. The line-free regions are !t with a !fth-order Legendre

polynomial. A blackbody spectrum with Tbb!=!3.0!!!104 (K) is
shown in red in Figure 9, which is the mean blackbody
temperature from the SED !t. The blackbody spectrum shows a
depature from the host-subtracted spectrum at rest wavelength
!!>!4500Å.
We approximate the continuum with the Legendre poly-

nomial because it !ts the spectra better than the blackbody
spectrum and does not require an assumption of the physical
origin for the continuum. The line pro!les of He II!4686 and
H" are measured after host and TDE continuum subtraction.
The best-!t results are shown as red lines in Figure 10, where
the gray solid line is the "ux of the subtracted spectrum
centered at the indicated line in velocity space. We simulta-
neously !t the He II!4686 (orange) and H# (green) emissions
as two individual Gaussian pro!les. The H" line is modeled as
a single Gaussian. The linewidths and line luminosities are
listed in Table 2.

6. Discussion

In this section, we start by!discussing other potential
mechanisms that could drive the observed "are and the
implication of the derived rise time for iPTF16axa. We then
compare its properties with 11 TDE candidates discovered in UV
and optical sky surveys with well-sampled optical light curves:
D1-9 and D3-13 from GALEX+CFHTLS (Gezari et al. 2008),
TDE1 and TDE2 from SDSS (van Velzen et al. 2011), PTF09ge
from PTF (Arcavi et al. 2014), PS1-10jh (Gezari et al. 2012), and
PS1-11af (Chornock et al. 2014) from GALEX+Pan-STARRS1,
ASASSN-14ae (Holoien et al. 2014), ASASSN-14li (Holoien
et al. 2016b), and ASASSN-15oi (Holoien et al. 2016a) from
ASASSN, and iPTF16fnl (Blagorodnova et al. 2017). The
luminosities, temperatures, and radii of the three ASASSN
candidate TDEs (ASASSN-14ae, ASASSN-14li, ASASSN-15oi)
are provided by T. Holoien via private communication. We
calculate the luminosities and radii for the other TDE candidates
by scaling the best-sampled optical light curve (g- or r-band) to
the peak bolometric luminosity reported in the literature, and

Figure 6. Time evolution of iPTF16axa. Upper: the time evolution of
blackbody temperature of iPTF16axa. The black dotted line marks the mean
Tbb of 3!!!104 K. Middle: the evolution of integrated UV–optical luminosity.
The black dotted line shows the t!5/3 prediction from the light curve with a
peak luminosity indicated in Figure 4. Total power emitted (area under the
dotted line integrated from tdisc to td) is 5.5!!!1050 erg. Lower: the time
evolution of the blackbody radius inferred from SED !tting.

Table 1
Blackbody Fitting from Light Curves

MJD t!!!tdisc BB Temperature BB Radius Luminosity
days 104 K 1014 cm 1043erg s!1

57551.23 14 3.13!±!0.23 3.98!±!2.27 10.91!±!1.14
57556.82 19 2.82!±!0.2 4.1!±!2.31 7.56!±!0.66
57571.63 34 2.64!±!0.08 3.59!±!1.86 4.44!±!0.13
57576.48 39 3.14!±!0.24 2.6!±!1.49 4.67!±!0.51
57585.93 49 2.82!±!0.19 3.24!±!1.81 4.71!±!0.37
57587.59 50 3.15!±!0.11 2.68!±!1.42 5.02!±!0.28
57592.58 55 2.8!±!0.2 2.8!±!1.57 3.46!±!0.29
57594.42 57 2.95!±!0.12 2.94!±!1.57 4.67!±!0.25
57599.09 62 2.66!±!0.29 3.19!±!1.93 3.63!±!0.45
57608.0 71 3.91!±!0.68 1.76!±!1.32 5.11!±!1.69
57613.24 76 3.08!±!0.34 2.27!±!1.41 3.32!±!0.53
57620.54 83 2.88!±!0.35 2.35!±!1.47 2.68!±!0.43

Figure 7. Newly observed spectra and host spectrum obtained from !tting the
SDSS broadband photometry.
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mass accreted of 3.1!!!10!3 (ò/0.1)!1Me. Note, that this is a
small fraction of the 0.5 Må of mass expected to remain bound
to the black hole in a TDE (Rees 1988) unless the radiative
ef!ciency (ò) is low .

We also calculate the emitting radius of the blackbody using
the Stefan–Boltzmann law:

L R T4 , 3bb e
2 4Q T� ( )

where L is the luminosity integrated from the best-!t blackbody
spectrum to the SED, Rbb is the blackbody radius, and Te is the
effective temperature, which is set to be equal to the blackbody
temperature derived from the SED !t. In Table 1, we list our
!ts for the blackbody temperature, luminosity, and photo-
spheric radius for each of our photometric observations. In the
bottom panel of Figure 6, we plot our !t for the photospheric
radius as a function of time, where the y-axis on the right hand
side of Figure 6 shows the radius in units of the tidal radius
(RT) assuming the disrupted star is a solar mass star. The tidal
radius, RT!=!Rå (MBH/Må)

1/3, is 1.19!!!1013!cm for a
5!!!106Me black hole.

5.3. Spectral Analysis

Five follow-up spectra are shown in Figure 7. We also show
the best-!t host spectrum from FAST !t with SDSS !berMag
("ux enclosed in a 3! diameter !ber) in ugriz !lters as
described in Section 3.1. In Figure 7, we rescale all the new
spectra to the synthetic magnitude in the r band (mr,syn), which
is de!ned as

m 2.5 log 10 10 , 4r
m m

,syn 10
2.5 2.5r r,0 ,sub� � �� �( ) ( )

where mr,0 is the !ber magnitude of the host and mr,sub is the
host-subtracted r-band magnitude derived from the t!5/3

power-law !t at the time of the observation.
In order to measure the broad emission lines in the spectra,

we !rst subtract off the instrumental broadened host template
spectrum from the FAST !t in Section 3.1, where

instrument
2

lib
2T T T� � , for each spectrum. The FWHM

resolution of the Bruzual & Charlot (2003) template library is
3 Å. The host-subtracted spectra are shown in Figure 8.
It is known that the spectroscopic signatures of optically

discovered TDEs consist of a strong blue continuum and a
combination of broad He II and H! emission (Arcavi et al. 2014).

Figure 5. Blackbody !t for the transient SEDs. The time indicated in each panel shows the time elapsed since discovery tdisc!=!MJD 57537.4. The blackbody
temperature remains roughly constant with a mean temperature 3!!!104 K over time.

6

The Astrophysical Journal, 842:29 (15pp), 2017 June 10 Hung et al.

•There are various questions to be addressed  

•What is the size of accreting material ?  
→ related to a big question on how to extract  
    angular momentum 
→ Reff ~ [L/4πσTeff4]0.5 



Optical studies of (optically selected) TDE candidates so far 

10 Hung et al.

We attempted fitting the observed H↵ emission line
profile on day-51 with the elliptical disk model by min-
imizing �

2 in the following parameter space: 1 < q < 4,
100 < �disk < 1, 000 km s�1, 0  i <

⇡
2 rad, 0 <

e < 1, 0  � < 2⇡ rad, 100 < ⇠1 < 3, 000 Rg, and
100 < ⇠2 < 10, 000 Rg. We show the model parame-
ters and the ranges of the flat priors in Table 3. We
noticed that the best-fitting disk-only model does not
capture the sharp peaks around the edges of the pro-
file, but instead has broader peaks in order to match
the high central flux. Alternatively, if we attempt to
fit only the edges of the profile by excluding the central
data (with |�v| < 3000 km s�1), the best-fitting model,
which is tabulated in Table 4, then lacks the flux seen
at the center of the line profile (shown as the green line
in Figure 6). Clearly, a second component is needed to
account for the central flux.

In order to match the full line profile, we add a Gaus-
sian component to the disk model. We smoothed the
data of the H↵ emission with a boxcar function with a
length of ⇠5 Å to erase fine structures that cannot be
captured by the emission-line model. Using the emcee

package (Foreman-Mackey et al. 2013), we sampled the
posterior distribution of a total of ten parameters (the
seven disk parameters listed above and an additional
three parameters that describe the Gaussian: ampli-
tude, center (µ0; velocity offset from the systemic ve-
locity of the host galaxy), and width (�g; standard de-
viation) using flat priors over the aforementioned ranges
for the disk parameters and over the following ranges for
the Gaussian component: �3, 000 < µ0 < 3, 000 km s�1,
and 0 < �g < 20, 000 km s�1 (Table 3). The model
parameter �g can be translated to the FWHM of the
Gaussian profile via the relation FWHM= 2

p
2log2�g.

We normalized our flux to range between 0 and 1 and use
this same range as the flat prior for the amplitude of the
Gaussian. The posterior distributions of the model pa-
rameters are shown in Figure 7. The MCMC approach
provides a more general description of the model param-
eters, instead of forcing them to be Gaussian distributed
as in traditional fitting methods. In addition, we can
also visualize the correlation between different parame-
ters in the joint distributions, such as that between i,
⇠1, and ⇠2, which intricately control the overall width of
the disk profile. From this, we derived the parameters
for the two-component (disk-plus-Gaussian) model and
present the derived parameters in Table 4 and compare
the best-fitting model to the spectrum in Figure 6. The
blue H↵ emission peak being relatively stronger than
the red peak can be explained by Doppler boosting in
the scheme of an axisymmetric accretion disk, though

Figure 6. �t = 51-day spectrum zoomed in on the H↵ emis-
sion line profile and best-fitting model. The top and bottom
panels are of the same flux scale. The black histogram in the
top panel shows the binned spectrum while the grey curve
marks the original spectrum with host light subtracted. The
red curves show the best-fitting two-component model de-
rived from the H↵ profile (dashed box; enlarged in lower
panel), rescaled by 1, 0.82, and 0.62 and shifted to the rest
wavelength of H↵, H�, and H� emission, respectively, on top
of the local continuum. The local continuum is estimated by
linearly interpolating the regions bracketing each emission
line. The black curve in the lower panel shows the zoom-in
view of the continuum-subtracted H↵ line profile. The solid
red curve is the best-fitting two-component (disk + Gaus-
sian) model with the parameters indicated in Table 4. The
two components are shown separately in orange dotted line
(Gaussian) and in blue dashed line (disk). The green line
shows the best-fitting model with only the disk component
by omitting the center part of the line flux. It is clear that
the disk-only model cannot reproduce the all flux near zero
velocity.

we note that the relative strength of the two peaks is
orientation-dependent in elliptical disks.

To summarize, the day-51 spectrum is best described
by two distinct spectral components: a non-disk broad
Gaussian component with a centroid velocity close to the
systemic velocity of the host (similar to that observed
in all other TDEs), and a prominent disk/double-peak
component (see Figure 6). The H↵ line profile in the
day-120 and day-164 spectra still shows a double-horned
shape, despite being less prominent relative to the Gaus-
sian component than that in the �t = 51 days spectrum.
However, because the disk parameters are the most con-
strained by the shape and strength of the double-peaked

The Nearby TDE Candidate ASASSN-14li 9
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Figure 8. Evolution of the H↵ (left panel) and He II 4686 Å (right panel) line profiles of ASASSN-14li (black) and ASASSN-14ae
(red; Holoien et al. 2014a). (The strong line to the right of the He II 4686 Å line in the right panel is H�.) The number of days since
discovery for each spectrum is shown in the upper-right corner of each panel, with colors matching the colors of the spectra. We have
subtracted the host galaxy spectra and a locally defined low-order continuum around the lines from each spectrum. Both objects show
an asymmetric H↵ profile that narrows over time, with ASASSN-14li showing a significantly narrower profile than ASASSN-14ae in all
epochs. ASASSN-14li shows a similar He II profile that also narrows over time in all epochs, while ASASSN-14ae only shows significant
He II emission at later epochs. The He II profile of ASASSN-14li shows two velocity peaks, one at 0 km s�1 and one at ⇠ �2000 km s�1,
which evolve in their relative intensity over time.

Finally, we examine the evolution of the emission line
widths, shown in Figure 9 for H↵. As the luminosity of the
transient is decreasing, so too is the line width. This is the
opposite of what is seen in reverberation mapping studies
of quasars, where estimates of the black hole mass MBH /
�v2L1/2 remain roughly constant because the luminosity
decreases as the line width broadens (e.g., Peterson et al.
2004; Denney et al. 2009). Physically, this is believed to
result from the fact that if the luminosity drops, gas at larger
distances and lower average velocities recombines, leading to
an increase in the line width.

Simple estimates based on the line luminosities and
light travel times imply that the densities of the ionized
regions of ASASSN-14li are also high enough to make the
recombination times negligible. This means it is unlikely
that the narrowing of the lines is due to a finely-tuned out-
ward density gradient allowing the higher velocity material
at smaller radii to recombine faster while also making the
line width shrink with time. The fast recombination times
also make it di�cult to explain the decreasing line widths as
simply being due to a continuing expansion of the Stromgren
sphere even as the luminosity is decreasing.

No TDE has been caught early enough to make these
measurements, but there should be temporal lags between
the rise of the UV emission and the formation of the broad
lines, as is seen in reverberation mapping of AGN (e.g.,
Peterson et al. 2004). At late times, these e↵ects are still
present, but seem an unlikely explanation for the observed

line width evolution, as the temporal smoothing of the
changes becomes larger when the delays are long.

A final possibility is that the changes represent evolu-
tion in the density distribution of the ionized gas. While
there is no reason to expect rapid, large scale gas redis-
tributions in a normal AGN, such changes seem plausible
during a TDE. This is presumably not a large scale redistri-
bution, since the time scale for a significant change in radius
is t ⇠ 50MBH7v

�3
3 years, where MBH7 = (107M�)MBH and

v3 = (3, 000 km s�1)v. It would not be surprising, however,
to have significant evolution in the mean density at a given
radius given the nature of a TDE. For example, if the line
emission is dominated by a dense gas phase, but the average
density of this phase is decreasing, the total line emission di-
minishes in proportion to the density. Given the quality of
the spectra of ASASSN-14li, we do not attempt any quanti-
tative analysis, but these questions suggest a need for higher
quality spectra in future studies of TDEs.

The spectra of ASASSN-14li seem to be consistent with
both those of ASASSN-14ae and those of other TDE candi-
dates in literature, showing strong emission at bluer wave-
lengths that fades steadily over time and strong Balmer and
helium emission features in all epochs. These similarities, as
well as the fact that these spectra do not seem to resemble
those of type II supernovae or AGN, provide strong evidence
for a TDE interpretation for ASASSN-14li.

c� 0000 RAS, MNRAS 000, 000–000

•There are various questions to be addressed  

•What is the size of accreting material ?  
→ related to a big question on how to extract  
    angular momentum 
→ Reff ~ [L/4πσTeff4]0.5 

•What is the structure of accreting matter ?  
→ Disk and outflow   
→ Evolution of broad lines (narrower with brighter) 
→ Reverberation mapping b/w X-ray and optical    

(Hung+20)

(Holoien+16)

Disk
Gaussian  
(outflow?)



Optical studies of (optically selected) TDE candidates so far 

10 Hung et al.

We attempted fitting the observed H↵ emission line
profile on day-51 with the elliptical disk model by min-
imizing �

2 in the following parameter space: 1 < q < 4,
100 < �disk < 1, 000 km s�1, 0  i <

⇡
2 rad, 0 <

e < 1, 0  � < 2⇡ rad, 100 < ⇠1 < 3, 000 Rg, and
100 < ⇠2 < 10, 000 Rg. We show the model parame-
ters and the ranges of the flat priors in Table 3. We
noticed that the best-fitting disk-only model does not
capture the sharp peaks around the edges of the pro-
file, but instead has broader peaks in order to match
the high central flux. Alternatively, if we attempt to
fit only the edges of the profile by excluding the central
data (with |�v| < 3000 km s�1), the best-fitting model,
which is tabulated in Table 4, then lacks the flux seen
at the center of the line profile (shown as the green line
in Figure 6). Clearly, a second component is needed to
account for the central flux.

In order to match the full line profile, we add a Gaus-
sian component to the disk model. We smoothed the
data of the H↵ emission with a boxcar function with a
length of ⇠5 Å to erase fine structures that cannot be
captured by the emission-line model. Using the emcee

package (Foreman-Mackey et al. 2013), we sampled the
posterior distribution of a total of ten parameters (the
seven disk parameters listed above and an additional
three parameters that describe the Gaussian: ampli-
tude, center (µ0; velocity offset from the systemic ve-
locity of the host galaxy), and width (�g; standard de-
viation) using flat priors over the aforementioned ranges
for the disk parameters and over the following ranges for
the Gaussian component: �3, 000 < µ0 < 3, 000 km s�1,
and 0 < �g < 20, 000 km s�1 (Table 3). The model
parameter �g can be translated to the FWHM of the
Gaussian profile via the relation FWHM= 2

p
2log2�g.

We normalized our flux to range between 0 and 1 and use
this same range as the flat prior for the amplitude of the
Gaussian. The posterior distributions of the model pa-
rameters are shown in Figure 7. The MCMC approach
provides a more general description of the model param-
eters, instead of forcing them to be Gaussian distributed
as in traditional fitting methods. In addition, we can
also visualize the correlation between different parame-
ters in the joint distributions, such as that between i,
⇠1, and ⇠2, which intricately control the overall width of
the disk profile. From this, we derived the parameters
for the two-component (disk-plus-Gaussian) model and
present the derived parameters in Table 4 and compare
the best-fitting model to the spectrum in Figure 6. The
blue H↵ emission peak being relatively stronger than
the red peak can be explained by Doppler boosting in
the scheme of an axisymmetric accretion disk, though

Figure 6. �t = 51-day spectrum zoomed in on the H↵ emis-
sion line profile and best-fitting model. The top and bottom
panels are of the same flux scale. The black histogram in the
top panel shows the binned spectrum while the grey curve
marks the original spectrum with host light subtracted. The
red curves show the best-fitting two-component model de-
rived from the H↵ profile (dashed box; enlarged in lower
panel), rescaled by 1, 0.82, and 0.62 and shifted to the rest
wavelength of H↵, H�, and H� emission, respectively, on top
of the local continuum. The local continuum is estimated by
linearly interpolating the regions bracketing each emission
line. The black curve in the lower panel shows the zoom-in
view of the continuum-subtracted H↵ line profile. The solid
red curve is the best-fitting two-component (disk + Gaus-
sian) model with the parameters indicated in Table 4. The
two components are shown separately in orange dotted line
(Gaussian) and in blue dashed line (disk). The green line
shows the best-fitting model with only the disk component
by omitting the center part of the line flux. It is clear that
the disk-only model cannot reproduce the all flux near zero
velocity.

we note that the relative strength of the two peaks is
orientation-dependent in elliptical disks.

To summarize, the day-51 spectrum is best described
by two distinct spectral components: a non-disk broad
Gaussian component with a centroid velocity close to the
systemic velocity of the host (similar to that observed
in all other TDEs), and a prominent disk/double-peak
component (see Figure 6). The H↵ line profile in the
day-120 and day-164 spectra still shows a double-horned
shape, despite being less prominent relative to the Gaus-
sian component than that in the �t = 51 days spectrum.
However, because the disk parameters are the most con-
strained by the shape and strength of the double-peaked
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Figure 8. Evolution of the H↵ (left panel) and He II 4686 Å (right panel) line profiles of ASASSN-14li (black) and ASASSN-14ae
(red; Holoien et al. 2014a). (The strong line to the right of the He II 4686 Å line in the right panel is H�.) The number of days since
discovery for each spectrum is shown in the upper-right corner of each panel, with colors matching the colors of the spectra. We have
subtracted the host galaxy spectra and a locally defined low-order continuum around the lines from each spectrum. Both objects show
an asymmetric H↵ profile that narrows over time, with ASASSN-14li showing a significantly narrower profile than ASASSN-14ae in all
epochs. ASASSN-14li shows a similar He II profile that also narrows over time in all epochs, while ASASSN-14ae only shows significant
He II emission at later epochs. The He II profile of ASASSN-14li shows two velocity peaks, one at 0 km s�1 and one at ⇠ �2000 km s�1,
which evolve in their relative intensity over time.

Finally, we examine the evolution of the emission line
widths, shown in Figure 9 for H↵. As the luminosity of the
transient is decreasing, so too is the line width. This is the
opposite of what is seen in reverberation mapping studies
of quasars, where estimates of the black hole mass MBH /
�v2L1/2 remain roughly constant because the luminosity
decreases as the line width broadens (e.g., Peterson et al.
2004; Denney et al. 2009). Physically, this is believed to
result from the fact that if the luminosity drops, gas at larger
distances and lower average velocities recombines, leading to
an increase in the line width.

Simple estimates based on the line luminosities and
light travel times imply that the densities of the ionized
regions of ASASSN-14li are also high enough to make the
recombination times negligible. This means it is unlikely
that the narrowing of the lines is due to a finely-tuned out-
ward density gradient allowing the higher velocity material
at smaller radii to recombine faster while also making the
line width shrink with time. The fast recombination times
also make it di�cult to explain the decreasing line widths as
simply being due to a continuing expansion of the Stromgren
sphere even as the luminosity is decreasing.

No TDE has been caught early enough to make these
measurements, but there should be temporal lags between
the rise of the UV emission and the formation of the broad
lines, as is seen in reverberation mapping of AGN (e.g.,
Peterson et al. 2004). At late times, these e↵ects are still
present, but seem an unlikely explanation for the observed

line width evolution, as the temporal smoothing of the
changes becomes larger when the delays are long.

A final possibility is that the changes represent evolu-
tion in the density distribution of the ionized gas. While
there is no reason to expect rapid, large scale gas redis-
tributions in a normal AGN, such changes seem plausible
during a TDE. This is presumably not a large scale redistri-
bution, since the time scale for a significant change in radius
is t ⇠ 50MBH7v

�3
3 years, where MBH7 = (107M�)MBH and

v3 = (3, 000 km s�1)v. It would not be surprising, however,
to have significant evolution in the mean density at a given
radius given the nature of a TDE. For example, if the line
emission is dominated by a dense gas phase, but the average
density of this phase is decreasing, the total line emission di-
minishes in proportion to the density. Given the quality of
the spectra of ASASSN-14li, we do not attempt any quanti-
tative analysis, but these questions suggest a need for higher
quality spectra in future studies of TDEs.

The spectra of ASASSN-14li seem to be consistent with
both those of ASASSN-14ae and those of other TDE candi-
dates in literature, showing strong emission at bluer wave-
lengths that fades steadily over time and strong Balmer and
helium emission features in all epochs. These similarities, as
well as the fact that these spectra do not seem to resemble
those of type II supernovae or AGN, provide strong evidence
for a TDE interpretation for ASASSN-14li.

c� 0000 RAS, MNRAS 000, 000–000

•There are various questions to be addressed  

•What is the size of accreting material ?  
→ related to a big question on how to extract  
    angular momentum 
→ Reff ~ [L/4πσTeff4]0.5 

•What is the structure of accreting matter ?  
→ Disk and outflow   
→ Evolution of broad lines (narrower with brighter) 
→ Reverberation mapping b/w X-ray and optical    

•How are all of these aspects affected by the properties 
of the BH and those of the disrupted star ?  
→ need a large sample 

(Hung+20)

(Holoien+16)

Disk
Gaussian  
(outflow?)



Actual optical obs. of  
three X-ray Events

(Only interesting objects are selected)



Source 1: eRASSt J093641.9+111347  
- Ultra-soft event in a massive galaxy (Grotova et al. 2021, ATel#14668)

eRASS3

• Very soft (kT~70eV) discovery on May 13th 2021

• f0.2-2.3 keV~ 8.7x10-13 cgs, i.e. ~13x times brighter than eRASS:2 

3-sigma UL

• L0.2-2.3keV~3x1043 cgs

• NICER (PI: Z. Liu) & Swift follow-up (PI: I. Grotova) indicates source is 

fading now. Potential hardening observed

• No UV brightening detected

•  WISE color W1-W2=0.15mag


eRASS2

kT~70eV



Source 1: J0936 - no optical change

•Host is FR II radio galaxy at z=0.12

•Archival SDSS spectrum shows no emission 
lines

•MSMBH~108.8 MSun (Capetti et al. 2017) 

•Optical spectrum ~15d post eROSITA 
discovery suggests no significant change 
(Observations: S. Ciroi & F. di Mille)

Seimei: 27th May (= 2 weeks later obs.)

TDEs (cand.) are not always bright at opt. !  
→ Comprehensive understanding of TDEs  
     needs a study of X-ray TDEs 

SDSS



Source 2: eROSITA_DE’s brightest nuclear transient (up to now)

•Brightest event in eROSITA_DE so far  
(f0.2-5keV~1.4x10-11 cgs)


•Very soft X-ray spectrum (Gamma~5, kT~80eV) 

•L0.2-5keV,peak~5x1044 cgs (z=0.1)

• (Also detected by GAIA & ATLAS)

•Archival WISE color (W1-W2=0.35mag) does not  
suggest strong previous AGN activity
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(Fig.: A. Malyali)



Source 2: TDE or AGN ingnition? (Honest answer: we don’t know, yet.)

•Host galaxy member of a group at z=0.1

•broad Balmer lines with narrow components

•No significant spectral change observed (until June 2021)

(Fig.: D. Homan; Observations: M. Krumpe, D. Buckley, S. Ciroi, F. di Mille)

GROND

(Fig. & Observations: S. Ciroi & F. di 
Mille)

2021 June 2nd  
(~ 6 months later)

2020 December 

~ 1e44 erg/s ~ 5e43 erg/s



•eRASS1 discovery vs archival XMM observations

•X-ray properties (eROSITA, Swift XRT) suggest a 
TDE candidate


•However, optical/mid-IR light curve inconsistent 
with standard TDE interpretation


•A new class of nuclear transients?  
Stellar binary TDE? TDE involving a SMBHB?

Brightens by factor of >600 in 0.2-2 keV

relative to 2015 XMM upper limit


Source 3: AT 2019avd, extreme X-ray flaring and optical variability from a quiescent galaxy 
A. Malyali et al. (MPE, A&A 2021)

eROSITA 

ZTF 


(Fig.: A. Malyali)

(Fig.: A. Malyali)

Optical

X-ray

IR



Source 3: AT 2019avd, extreme X-ray flaring and optical variability from a quiescent galaxy 
A. Malyali et al. (MPE, A&A 2021)

• Detection of Bowen fluorescence lines of NIII 4640Å 
(i.e., Strong UV/X-ray photos → HeII → OIII → NIII)


• The presence of UV/X-ray absorbers 

• A high ratio of F(NIII 4640Å)/F(Hβ) suggests  

the presence of high density gas (nH > 109.5 cm-3), comparable to those of BLRs of AGNs

Evolution b/w 14 months 



Summary

•~30 X-ray soft nuclear transients, or TDE candidates, per eRASS (~ 6 months),  
which will be until ~ 2024 → Now is the time for X-ray TDE studies  

•Optical data is very important for understanding the mass accretion in TDEs 

•Optical spectroscopy have unveiled optical properties different from those 
found for optically selected TDE candidates 

•Non-canonical behavior  
i.e., ‘If you have seen one TDE candidate, you have seen one TDE candidate’


