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Goal: Measure supermassive 
black hole properties and 

environments from transient 
events



A New Class of Transients in Galaxy Centers
Luminous in the optical and UV, blue, with 
broad H and/or He II in their spectra  
 

All in the centers of quiescent hosts

van Velzen et al. (2020)



Optical-Ultraviolet Tidal Disruption Events 9

Fig. 2 A compilation of blackbody radii and temperatures obtained from
optical-ultraviolet photometric observations of seventeen TDEs from van
Velzen et al. (2020a). All sources show a decrease of the blackbody radius
after maximum light. The majority of the sources show a near-constant black-
body temperature. While some TDEs show modest temperature variability
near peak or a significant temperature increase at late-time, none of the known
TDEs show a monotonic decrease of the blackbody temperature. Since most
of the sources in the ZTF sample were identified as TDEs within a few weeks
of maximum light and the temperature is inferred from ultraviolet follow-up
observations, this lack of cooling cannot be solely explained as a selection
e↵ect.

et al. (2017, 2019c) or SDSS (Thomas et al. 2013). The fallback timescale
is estimated by fitting a power-law decay to the observed optical-ultraviolet
blackbody emission, with the power-law index fixed to �5/3. We find a sta-
tistically significant correlation between the black-hole mass and decay rate
(p = 0.006 for a Kendall’s Tau test). This correlation could indicate that the
early-time decay rate of the optical-ultraviolet emission is indeed determined
by the fallback rate.

A New Class of Transients in Galaxy Centers

van Velzen et al. (2020)

Luminous in the optical and UV, blue, with 
broad H and/or He II in their spectra  
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SMBH

Tidal Disruption Events - Stars Torn Apart by Supermassive Black Holes



Tidal Disruption Events - Stars Torn Apart by Supermassive Black Holes

NASA, S Gezari/JHU and J Guillochon/UCSCRees 1988



What Will Emit Light in a TDE?

Courtesy C. Bonnerot 

1. Accretion disk



The New Class of Transients Did Not Fit Expectations

Expected (accretion) 

Constant Temperature

Observed

Helium,  
No Hydrogen

Center of galaxyCenter of galaxy

Evolving Temperature

Hydrogen from the star



Puzzle I: Why do TDEs emit 
mostly optical & ultraviolet light?



Guillochon et al. 2014

Are We Looking Through Reprocessing Material?



Roth et al. 2016The presence of reprocessing material explains: 
1.The low temperatures 
2.The large radii 
3.The lack of hydrogen in the spectra

Are We Looking Through Reprocessing Material?



Dai et al. 2018

Reprocessing Material as a Viewing Angle Effect



Puzzle I: Why do TDEs emit 
mostly optical & ultraviolet light? 

Solution: We are seeing 
reprocessed accretion emission



Rosswog et al. 2008

But, Turns out Circularization Requires Outer Collision Shocks



Piran et al. 2015

So, Are We Actually Seeing the Energy Lost in the Outer Shocks?

Self crossing shocks explain: 
1.The low temperatures 
2.The large radii 
3.The mechanism by which the 

material circularizes in order to 
accrete to the black hole



Puzzle I: Why do TDEs emit 
mostly optical & ultraviolet light? 

Solution: We are seeing 
emission from outer shocks



1. Accretion disk 2. Accretion disk + reprocessing 3. Outer shocks

Courtesy C. Bonnerot 

What Will Emit Light in a TDE?



Optical = Reprocessed Accretion OR Outer Shocks?

Gezari, Cenko & Arcavi 2017

optical 
declining

then, x-ray 
rising



Optical = Reprocessed Accretion OR Outer Shocks?

Gezari, Cenko & Arcavi 2017

optical 
declining

then, x-ray 
rising

Accretion 
disk starting 
to form after 
outer shocks 
circularization



Optical = Reprocessed Accretion OR Outer Shocks?

Gezari, Cenko & Arcavi 2017

optical 
declining

then, x-ray 
rising

Accretion 
disk starting 
to form after 
outer shocks 
circularization

Accretion 
disk being 
revealed after 
reprocessing 
material thins



Wevers et al. 2019

outer 
shocks?

accretion?

Leloudas et al. 2016

AT 2018fyk

ASASSN-15lh

Optical = Reprocessed Accretion OR Outer Shocks?



Faris et al. in prep.

Optical = Reprocessed Accretion OR Outer Shocks?

Sara Faris



Optical TDEs Prefer Post-Starburst Galaxies - Not Clear Why

French, Arcavi, Zabludoff 2016

Why are most 
Optical+UV 
TDEs here?



Puzzle II: Why do TDEs prefer 
post-starburst galaxies?



Optical TDEs Prefer Post-Starburst Galaxies - Not Clear Why

Extremely high density of stars in the galaxy nucleus? 
Stone & van Velzen (2016); Stone et al. (2018); French et al. (2020)  
 
Large numbers of massive stars? 
Bortolas (2022) 
 
Circumnuclear gas resevoirs? 
Karas & Subr (2007) 
 
Massive cluster merging? 
Arca-Sedda & Capuzzo-Dolcetta (2017) 

Post-Merger Binary SMBH? 
Li et al. (2015) 

French, Arcavi, et al. 2020



ASAS-SN automatic light curve
Detected by ASAS-SN, 2017 February 21 

(Kiyota et al, 2017, ATel #10113)
sharp rise over ~1 month

Trakhtenbrot et al. 2019a

A Second New Class of SMBH-Related Flares - Bowen Flares
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TDEs (broad lines)

Bowen Flares 
(narrow lines)

Trakhtenbrot et al. 
2019a

A Second New Class of SMBH-Related Flares - Bowen Flares
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ABSTRACT18

AT2021loi is an optical-ultraviolet transient located at the center of its host galaxy. Its spectral19

features identify it as a member of the “Bowen Fluorescence Flare” (BFF) class. The first member20

of this class was considered to be related to a tidal disruption event, but enhanced accretion onto21

an already active supermassive black hole was suggested as an alternative explanation. AT2021loi,22

having occurred in a previously-known unobscured AGN, strengthens the latter interpretation. Its23

light curve is similar to those of previous BFFs, showing a re-brightening approximately one year after24

the main peak (which was not explicitly identified, but might be the case, in all previous BFFs). An25

emission feature around 4680Å, seen in the pre-flare spectrum, strengthens by a factor of ⇠2 around26

the optical peak of the flare, and is clearly seen as a double peaked feature then, suggesting a blend of27

N iii�4640 with He ii�4686 as its origin. The appearance of O iii�3133 and possible N iii��4097, 410328

(blended with H�) during the flare further support a Bowen Fluorescence classification. Here, we29

present ZTF, ATLAS, Keck, Las Cumbres Observatory, NEOWISE-R, Swift AMI and VLA observa-30

tions of AT2021loi, making it one of the best observed BFFs to date. AT2021loi thus provides some31

clarity on the nature of BFFs but also further demonstrates the diversity of nuclear transients.32

Keywords: Active galactic nuclei (16), Transient sources (1861), Supermassive black holes (1663)33

1. INTRODUCTION34

Actively accreting supermassive black holes (SMBHs),35

commonly referred to as active galactic nuclei (AGN),36

exhibit variable emission across the electromagnetic37

spectrum (Fahlman & Ulrych 1975; Peterson et al. 1994;38

Clavel et al. 1991), and over a wide range of timescales.39

This “normal” AGN variability is stochastic, and varies40

from a few percent (over weeks) up to ⇠20% (over41

decades; e.g., MacLeod et al. 2012a). Various mod-42

els have been proposed to explain this stochastic op-43

tical/UV variability, motivated by accretion theory and44

by the observed variability phenomenology. These in-45

clude accretion disk instabilities, microlensing, X-ray46

reprocessing of disk thermal emission, and changes in47

the accretion rate (see, e.g., Krolik et al. 1991; Hawkins48

1993; Kawaguchi et al. 1998; Pereyra et al. 2006; Dexter49

Lydia Makrygianni
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Figure 4. Comparison of the observed archival LAMOST spectrum and the raw Keck/LRIS classification spectrum. We present
the regions around H� (left) and H↵ (right) lines. We see a clear appearance of a feature around 4680 Å in the Keck spectrum,
which we interpret as BF, as well as the clear appearance of the H� line. We also find that there is enhanced emission for HeI at
⇠ 5875 Å. There are also significant signs of enhanced emission at ⇠ 6375Å, which corresponds to the higher ionization coronal
line Fex�6375.

Table 1. Photometry of AT2021loi.

MJD Filter Magnitude Error Source

59341.49 r 18.99 0.15 ZTF

59341.49 r 18.73 0.14 ZTF

59342.49 r 18.63 0.08 ZTF

59342.49 r 18.59 0.09 ZTF

59344.49 r 18.45 0.08 ZTF

59344.49 r 18.63 0.11 ZTF

59345.48 r 18.45 0.08 ZTF

59345.49 r 18.36 0.08 ZTF

59345.49 r 18.38 0.08 ZTF

........ ... .... ... ...

59385.39 r 16.89 0.02 ZTF

59387.44 r 16.82 0.01 ZTF

59391.41 r 16.83 0.02 ZTF

59393.45 r 16.80 0.01 ZTF

59399.39 r 16.83 0.02 ZTF

59401.44 r 16.86 0.01 ZTF

59403.43 r 16.77 0.01 ZTF

59405.43 r 16.82 0.01 ZTF

........ ... .... ... ...

59428.20 g 17.64 0.01 Las Cumbres

59444.40 g 17.33 0.03 Las Cumbres

59450.10 g 17.24 0.02 Las Cumbres

59461.20 g 17.33 0.02 Las Cumbres

59469.40 g 17.69 0.01 Las Cumbres

Note—This table is published in its entirety in machine-readable for-
mat. A portion is shown here for guidance regarding its form and
content.

neously with the UVOT observations. Using XIMAGE250

to process the Swift/XRT images, we find no signif-251

icant X-ray detection down to 3� at the position of252

AT2021loi. We then use XIMAGE to calculate the corre-253

sponding flux upper limits for each of the XRT epochs,254

using a circular aperture with a radius of ⇠4700 cen-255

tered on the (optical) position of AT2021loi (we verify256

that no neighboring X-ray sources are detected within257

that aperture). The 3� upper limits on the X-ray flux258

are between 0.006 and 0.02 counts s�1 for the stan-259

dard 0.2 � 10 keV XRT energy range. We use these260

to calculate the 2 � 10 keV flux upper limits, using261

WebPIMMS
9, assuming a power law photon index of � =262

1.8, which is typical of low-redshift AGNs (e.g.; Ricci263

et al. 2017). The upper limits we derive are in the range264

F (2� 10 keV) = (1.4� 4.6)⇥ 10�13 erg cm�2 s�1. Given265

the source redshift, these translate to luminosity upper266

limits of L(2� 10 keV) < (2.4� 7.8)⇥ 1042 erg s�1.267

We also initiated radio measurements with with268

the Arcminute Microkelvin Imager-Large Array (Zwart269

et al. 2008; Hickish et al. 2018, AMI-LA;) and the Karl270

G. Jansky Very Large Array (VLA). AMI-LA is a ra-271

dio interferometer comprised of eight, 12.8m diameter,272

antennas producing 28 baselines that extend from 18m273

up to 110m in length and operate with a 5GHz band-274

width, divided into eight channels, around a central fre-275

quency of 15.5GHz. AT2021loi was first observed in276

the radio regime, at 15.5GHz, with the AMI-LA on277

2021 June 15, i.e. 39 days after optical discovery, but278

it was not detected. AMI-LA follow-up in the same279

band out to 413 days after optical discovery also re-280

sulted in non-detections. The AMI-LA observations281

were reduced using a customized AMI-LA data reduc-282

tion software package (Perrott et al. 2013) and the 3�283

flux density upper limits are in the range of 0.10 to284

9 https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3pimms/
w3pimms.pl

Pre-flare spectrum shows signs of AGN and Bowen 
features (which got stronger during the flare)

Makrygianni et al. submitted
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Figure 8. Decomposition of the archival LAMOST spectrum with pyqsofit along with the best-fit model and the model
components. Gray horizontal lines on the top show the windows used for the continuum estimate. The black line represents
the initial data, whereas the gray line represents the host subtracted data. The host is plotted as the purple line. The best-fit
emission lines, as a sum of narrow (green line) and broad lines (red line), are marked in blue. The bottom subplots are a zoomed
version of the components for H↵ and H�.

Figure 9. Decomposition of the Keck spectrum with pyqsofit along with the best-fit model and the model components. Grey
horizontal lines on the top show the windows used for the continuum estimate. The black line represents the host subtracted
data. The best-fit emission lines, as a sum of narrow (green line) and broad lines (red line), are marked in blue. The bottom
subplots are a zoomed version of the components for H↵ and H�.



Puzzle IV: What is the nature of 
these “Bowen Fluorescence Flares”?



A TDE Triggering a Changing-Look AGN?

Trakhtenbrot et al. 2019b, see also Ricci et al. 2020, 2021



A TDE Triggering a Changing-Look AGN?

Trakhtenbrot et al. 2019b, see also Ricci et al. 2020, 2021



A TDE Triggering a Changing-Look AGN?

Trakhtenbrot et al. 2019b, see also Ricci et al. 2020, 2021



Challenge: How do we find more 
TDEs and other nuclear transients 
in order to solve these puzzles and 

learn about SMBHs? 



New Transient Surveys Coming Online Find More and More Events

LSST BlackGEM

ZTF



AGN: 1 (0.4%)
TDE: 5 (2.2%)

Varstar: 1 (0.4%)
Other: 1 (0.4%)
Galaxy: 1 (0.4%)
BFF: 1 (0.4%)

SN: 213 (95.5%)

<19.5 Mag (223)

TDE: 5 (4.1%)

BFF: 1 (0.8%)

SN: 117 (95.1%)

<19.5 Mag and Blue (123)

SN: 6 (85.7%)

TDE: 1 (14.3%)

<19.5 Mag, Blue and in PS (7)

AGN: 1 (0.6%)
TDE: 5 (2.9%)
Varstar: 1 (0.6%)
BFF: 1 (0.6%)

SN: 163 (95.3%)

<19 Mag (171)

TDE: 5 (5.1%)

BFF: 1 (1.0%)

SN: 92 (93.9%)

<19 Mag and Blue (98)

SN: 5 (83.3%)

TDE: 1 (16.7%)

<19 Mag, Blue and in PS (6)

TDEs are only 2% of Transients in Galaxy Centers

Dgany et al. submitted

Yael Dgany



UV Imager = TDE Classification & Characterization Machine

Arcavi 2022

TDEs are brighter, and their host 
galaxies fainter in the UV so are 
much easier to find in the UV 

UV can distinguish the different 
temperatures, to more 
accurately characterizing TDE 
emission. 



UV Imager = TDE Classification & Characterization Machine

Arcavi 2022

TDEs are brighter, and their host 
galaxies fainter in the UV so are 
much easier to find in the UV 

UV can distinguish the different 
temperatures, to more 
accurately characterizing TDE 
emission. 

Supernovae cool while TDEs stay 
blue, so the UV can distinguish 
the 2% TDEs from the 98% 
contaminants 

Unusual and Impostor TDEs 31

Fig. 12: E↵ective temperature evolution for optical/UV TDEs (circles, in
days from discovery; Hung et al. 2017; Holoien et al. 2014, 2016a,b) and for
hydrogen-rich core collapse SNe (squares, in days from explosion; Menzies et al.
1987; Richmond et al. 1994; Valenti et al. 2014). TDEs remain hot, while SNe
cool within a few weeks. H-stripped SNe, which are not shown, cool even faster.

4.3 Spectral Line Profiles

Most SNe spectra display lines with P-Cygni profiles, which originate in ex-
panding ejecta. The line profiles of optical/UV TDEs are very di↵erent, show-
ing no absorption and sometimes asymmetric emission profiles (see van Velzen
et al. 2021, Optical Chapter and Figure 13). Even Type IIL SNe, which show
weaker P-Cygni absorption (e.g., Gutiérrez et al. 2014) compared to Type IIP
SNe, are still not as emission-dominated as TDEs.

4.4 Spectral Line Species

The spectral line species in optical TDEs di↵er from those of any known SN.
Specifically, broad He ii is not seen in any SN type at a strength comparable to
H, in contrast to the broad He ii and Balmer lines of some optical TDEs (Fig.

Zabludoff, Arcavi et al. 2021

Supernovae 
fade in the 
UV

TDEs stay UV bright



Arcavi 2022
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Courtesy: N. Stone

UV Imager = TDE Classification & Characterization Machine



UV Imager = TDE Classification & Characterization Machine
Some TDEs show long-term UV 
emission, perhaps related to a 
lingering accretion disk

van Velzen et al. 2019



Summary - Beginning to Scratch the Surface of SMBH Transients
A variety of UV transients that can teach us about SMBHs: 

Optical Ultraviolet TDEs with puzzling emission mechanism(s) and 
host galaxy preference 

Bowen Fluorescence Flares related to existing AGN disks? 

Changing Look AGN Related Flares connected to TDEs? 

Hard to Find in Optical Surveys since rare and a lot of contamination. 

Ultraviolet as the discriminant will build and characterize large samples. 

We will be able to use SMBH transients to study the quiescent 
SMBH population, accretion physics, galaxy dynamics and more.





Puzzle III: Given all these 
puzzles, are these really tidal 

disruption events?



Evidence for Event Horizon in Rates of These Events

van Velzen 2018 


