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Accretion disk

C. Bonnerot

X-ray

Komossa and Bade (1999), Komossa (2004)

Naive TDE expectation: See x-rays from an accretion disk



Surprise! TDEs as ultra-long gamma-ray bursts

Zauderer et al. (2011), Bloom et al. (2011), Burrows et al. (2011), Levan et al. (2011), Cenko et al. (2012), Pasham et al. (2015), Brown 
et al. (2015), Andreoni et al. (2023), Pasham et al. (2023) 



Some TDEs have jets that produce gamma rays 

Accretion disk + jet

C. Bonnerot

X-ray + -raysγ



Surprise II! TDEs in the optical/UV 

Gezari et al. (2012)

Figure 1
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Optical spectrum. MMT optical spectra (black) of PS1-10jh obtained −22 (a) and +254 (b)
rest-frame days from the peak, expressed in terms of flux density. Each continuum is fitted
with a combination (magenta) of a stellar population 2.5 Gyr old and a fading blackbody
with a temperature of ∼ 3 × 104 K determined from the ultraviolet-optical spectral energy
distribution (SED). He II emission at λ = 4, 686Å(Fowler series n = 4 → 3) is detected
above the continuum model and fitted with a Gaussian with a full-width at half-maximum
of 9, 000±700 km s−1 and L = (9±1)×1040 ergs s−1 (plotted with a green line in the early
epoch (a)). Residual emission above the continuum model is also detected at ∼ 3, 200
Å which is coincident with the location of the He IIλ3203 (Fowler series n = 5 → 3) line,
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The optical/UV event can’t be a TDE

Expected from accretion

Constant temperature

Observed

No H in some cases

Center of galaxyCenter of galaxy

Evolving temperature

H from the star

“Missing 
energy 
problem”



PS1-10jh-like optical/UV class: Hallmark He II emission

Luminous in the optical and UV (1044 erg/s) 
Blue (20,000-30,000K) 
Broad (10,000’s km/s) H and/or He II emission

van Velzen et al. (2020); see also Gezari et al. (2012), Arcavi et al. (2014), Gezari et al. (2021), van Velzen et al. (2021), 
Hammerstein et al. (2023), Yao et al. (2023)



Are these supernovae? (no)

Supernovae cool within days, these transients 
remain hot

Plot from Zabludoff et al. 2020; Data from 
Hung et al. 2017, Holoien 

et al. 2014, 2016a,b, Menzies et al. 1987, 
Richmond et al. 1994, Valenti et al. 2014 

Supernovae

Not supernovae



Are these supernovae? (no)

Supernovae cool within days, these transients 
remain hot 

Supernovae show p-cygni features from 
expanding ejecta, these transients show only 
emission. 

Supernovae don’t show He II

Plot from Zabludoff et al. 2020; Data from 
Gezari et al. 2012;, Arcavi et al. 2014,  

Holoien et al. 2014, 2016b, Kiewe et al. 2012, 
Barbon et al. 1995, Leonard et al. 2002

Supernovae

Not supernovae



PS1-10jh class very likely TDEs

van Velzen (2018) Yao et al. (2023) 

MBH ≲ 108M⊙ ( R*
R⊙ )

3/2

( M*
M⊙ )

−1/2

RT ≳ RS ⇒All in the centers of non-star 
forming quiescent galaxies +



PS1-10jh class very likely TDEs

van Velzen (2019)

Mummery & Balbus (2020)

Evidence for expanding accretion disk



So how can they be TDEs?

Expected from accretion

Constant temperature

Observed

No H in some cases

Center of galaxyCenter of galaxy

Evolving temperature

H from the star

“Missing 
energy 
problem”



Emission mehcnism 1: Reprocessing material

Roth et al. (2016); see also Guillochon et al. (2013)The presence of reprocessing material explains: 
1. The low temperatures 
2. The large radii 
3.The lack of hydrogen in the spectra

Charalampopoulos et al. (2022)



Emission mehcnism 1: Reprocessing material

The presence of reprocessing material also 
unifies X-ray and optical/UV events as a 
viewing angle effect.

Dai et al. (2019)



Rosswog et al. (2008)

GR precession causes the star to 
collide with itself at apocenter 

These “outer shocks” explain:

Piran et al. (2015)

1. The low temperatures 
2. The large radii 
3.The mechanism by 

which the material 
circularizes in order to 
accrete to the black 
hole

Emission mechanism 2: Circularization



Emission mechanism 3: Stream-disk shocks

Steinberg & Stone (2024)

Density Energy dissipation

Day 47

Day 55

Day 62
Malyali et al. (2023)



Emission mechanism 4: Cooling envelope

Metzger (2022)



Multiple proposed mechanisms to produce optical/UV

Reprocessed accretion disk Outer shocks Stream-disk shocks

C. Bonnerot

UV/optical

Accretion disk + jet

X-ray + -raysγ

Cooling Envelope
Guillochon et al. (2013), 

Dai et al. (2021)
Piran et al. (2015),  
Ryu et al. (2020)

Sternberg & Stone 
(2024)

Metzger (2022)



Photometric diversity within the PS1-10jh class

Faris et al. (2024); Makrygianni et al. (2025); Faris et al. (in prep)

Wevers et al. (2019)



Spectral diversity within the PS1-10jh class

Plot: Leloudas et al. (2019), Data: Gezari et al. (2012), Arcavi 
et al. (2014) Holoien et al. (2014, 2016), Leloudas et al. (2019)

H-dominated

He-dominated

TDEs with 
N III / O III

Featureless

Hammerstein et al. (2023)



Spectral diversity within the PS1-10jh class

Faris et al. (2024)



Multiwavelength diversity within the PS1-10jh class

Guolo et al. (2024)

Plot: Cendes et al. (2024), Data: Cendes et al. (2021a,b, 
2022, 2024), Horesh et al. 2021, Stein et al. (2021) , 
Andreoni et al. (2022), Goodwin et al. 2023a,b), Cendes et 
al. (2024)



Multiwavelength diversity within the PS1-10jh class

Reynolds et al. (2025)

T. M. Reynolds et al.: Infrared observations reveal the reprocessing envelope in the tidal disruption event AT 2019azh

Fig. 1. Photometry of AT 2019azh. IR photometry is shown with solid coloured symbols, while the extensive UVO photometry is shown using
partially transparent symbols. Upper limits are indicated with downward facing triangles. The x-axis is broken, the omitted time period contains
only upper limits. The inset plot shows the optical and IR light curves around peak in more detail.

2.4. Photometry

PSF photometry on the NIR data was performed with the au-
tophot pipeline (Brennan & Fraser 2022) after template sub-
traction and the resulting magnitudes were calibrated using the
2MASS catalogue (Skrutskie et al. 2006). Images were aligned
for template subtraction using standard IRAF tasks and tem-
plate subtraction was performed with the hotpants package4,
an implementation of the image subtraction algorithm by Alard
& Lupton (1998). Template subtracted images were visually
inspected to ensure that field stars subtracted cleanly and no
dipole-type residuals were left at the transient location, which
would indicate a poor subtraction. Additionally, residuals at
the transient location were inspected to ensure their FWHM
matched the measured seeing in the image and that they were
well fit by our model PSF. For non-detections, a 3ω limiting
magnitude was obtained by injecting and recovering sources
around the transient location in the template subtracted images.
The NOTCam images obtained on 2019-10-23 and 2019-11-16
display a large degree of PSF elongation, likely due to issues
with the telescope guiding. We were still able to obtain subtrac-
tions in which the field stars cleanly subtracted but the residual
TDE PSF is elongated and so we used aperture photometry to
recover magnitudes from these data.

The JHKs filters mounted in the SOFI and NOTCam instru-
ments are not identical, which introduces systematic uncertainty
into the template subtraction of the SOFI images. A comparison
of the normalised filter transmission curves for the SOFI and
NOTCam filters is shown in Fig. C.1. The H and Ks filters are
very similar, but the J filters are quite different, with the SOFI
filter being considerably wider. The atmospheric transmission in
the additional region covered by the red side of the SOFI J filter
is very low, but there is some transmission in the blue side. We

4 hotpants is available at https://github.com/acbecker/hotpants

do not expect the effective transmission to be extremely differ-
ent, and make no attempt to correct the photometry.

Using the publicly available NEOWISE catalog, Faris et al.
(2024) find a clear detection in both the W1 and W2 bands very
close to the g-band peak of the transient, which they find to be
significantly in excess of the UVO BB, and a marginal detection
in W2 only at a later epoch. For our MIR photometry, we per-
formed image subtraction with the time-resolved unWISE co-
adds of the NEOWISE data of AT 2019azh (Lang 2014). As a
template, we used the full depth unWISE co-add that includes all
the data before the first detection of AT 2019azh, i.e., the "six-
year full-depth unWISE coadds" (Meisner et al. 2021), which is
the deepest template available with no possibility of flux asso-
ciated with the transient. Template subtraction and photometry
were mostly performed as described above for the NIR photom-
etry, although the images are already astrometrically calibrated,
so did not require alignment. The results of the template sub-
traction are shown in Fig. C.2. The images were photometrically
calibrated using the unWISE catalog presented in Schlafly et al.
(2019). We find consistent results with the detections from (Faris
et al. 2024), as well as additional detections that are described
below.

We correct the IR photometry for Milky Way extinction us-
ing the Fitzpatrick (1999) extinction law with the correspond-
ing coefficients taken from Yuan et al. (2013), as in Faris et al.
(2024). We assume no additional host extinction, consistent with
Faris et al. (2024) and Hinkle et al. (2021a). We additionally fol-
low Faris et al. (2024) in presenting all phases relative to their
g-band peak brightness of MJD 58565.16±0.62. All phases are
presented in the rest frame unless otherwise specified. The re-
sults of the photometry are given in Tab. D.1.

Article number, page 3 of 17

van Velzen et al. (2016); see also Jiang et al. (2021)
Newsome et al. (2024a)



Surprising uniformity in host galaxy properties

French, Arcavi, 
Zabludoff (2016); see 
also French et al. (2020)

Why do optical tidal 
disruption events 

concentrate here?
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Star formation 100’s Myr ago



Repeating TDEs? ASASSN-14ko

Payne et al. (2021)

 114-day period, decreasing with time

 HOWEVER: Spectra not the same as
PS1-10jh class, some other phenomenon?



Wevers et al. (2023)

Similar to PS1-10jh class, re-brigthening seen in the X-ray 
and UV 

HOWEVER: First optical flare was unusual: re-
brightenined + Fe features

Wevers et al. (2019)

Repeating TDEs? AT 2018fyk



Somalwar et al. (2023)

Second flare is a bonafide PS1-10jh class event. 

HOWEVER: First flare different from second, no 
spectrum, and ~1-10% chance of two unrelated 
TDEs given post-starburst host H  absorption.δA

Repeating TDEs? AT 2020vdq



Makrygianni, Arcavi et al. (2025); Lin et al. (2024), Hinkle et 
al. (2024)

Host implies <<1% chance of two unrelated 
TDEs within 700d

Repeating TDEs: AT 2022dbl
The first standard PS1-10jh class TDE to robustly repeat: big implications



TDEs in AGN: AT 2019ahk and AT 2022csn

Holoien et al. (2019)

AT 2019ahk AT 2022csn

Dgany et al. (in prep)



TDEs in AGN: AT 2019ahk and AT 2022csn

Holoien et al. (2019)

AT 2019ahk AT 2022csn

Dgany et al. (in prep)



TDEs in AGN: AT 2019ahk and AT 2022csn

Dgany et al. (in prep)

Could the interaction between the TDE and 
AGN disk produce the peculiar photometric 
properties of 2019ahk and 2022csn?



Wait! How would a TDE be visible in a Type II AGN?

Ramos Almeida & Ricci (2017)
TDE Photosphere

0.
1-1

0 
pc

Radomski  
et al. (2008), 
Netzer (2015)



Wait! How would a TDE be visible in a Type II AGN?

Ramos Almeida & Ricci (2017)

True Type II AGN?

TDE Photosphere



Wait! How would a TDE be visible in a Type II AGN?

Ramos Almeida & Ricci (2017)

TDE Photosphere

0.
1-1

0 
pc

Radomski  
et al. (2008), 
Netzer (2015)

Offset SMBH in a 
binary?

2nd 
SMBH

True Type II AGN?



TDEs in AGN? Or are they SPOGs?

Dgany et al. (in prep)

No AGN at all?



Extreme coronal line emitters as echoes of TDEs?

Newsome et al. (2024)

Koljonen et al. (2024)



Second optical class: Bowen Fluorescence Flares (BFFs)

BFFs

Trakhtenbrot et al. (2019a)

PS1-10jh-
likes

Talks by: Marzena 
Sniegowska, Pietro Baldini



Repeating BFFs?
6

Figure 2. Long-term light-curves of AT 2019aalc. Top: MIR NEOWISE-R photometry in the W1 and W2 bands (converted to AB magnitudes).
Bottom: optical light-curves based on photometric measurements obtained from the CRTS (V-band), ZTF (g and r bands), and ATLAS (c and
o bands) surveys. Red and green horizontal lines mark the brightness corresponding to the archival optical SDSS (PSF-fit) photometry. The
vertical dotted black lines indicate the dates of the two main optical flare detections (2019 January 22 and 2023 May 11). The dashed vertical
purple line indicates the date of obtaining the archival SDSS spectrum (2008 April 5) and the vertical dashed red line represents the Keck
spectrum (2021 June 7). Empty markers on top of the dashed vertical purple line indicate the synthetic photometry calculated from the archival
SDSS spectrum, with empty squares, circles, and triangles marking SDSS, ZTF, and ATLAS filter pass-bands (respectively). The two main
flares, with the second being brighter than the first, are clearly seen in all optical and MIR bands, with the latter seemingly lagging behind the
former.

Sniegowska et al. (2025)



Third optical class? Changing look AGN

Trakhtenbrot et al. (2019b)



Fourth optical class: Ambiguous Nuclear Transients (ANTs)

Blanchard et al. (2017)

Hinkle et al. (2022)



Fifth optical class: Extreme ANTs (ENTs)

Wiseman et al. (2025)

Hinkle et al. 
(2024)



There’s a Zoo of Nuclear Transients Out There

Broad-Lined 
Optical-UV 

Flares
BFFs

QPEs

ECLEs

Gamma-Ray 
Flares

X-ray Flares

CL-AGN

AT 2019qiz, 
Similar Hosts

iPTF15af, 
AT 2018dyb, 

iPTF16fnl

AT 2022upj
Similar Hosts AT 2022fpx

eRASS J012026AT 2022cmc

Similar
Hosts

1ES 1927

ANTs / ENTs

?
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Main Challenge to 
Observers:  

Increase the sample x10-100



Rubin promises thousands of TDEs but contamination large

Dgany, Arcavi et al. (2023)

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)



LSST + Ultrasat to remove SN Ia contamination

ULTRASAT

Rubin LSST

Optical: TDEs & SNe 
Ia mixed

Optical+UV: TDEs & 
SNe Ia separated

Adding UV provides 
much purer TDE 
sample from early 
times



At least seven classes of things identified as TDEs: X-ray flares, certain ultra-
long GRBs, optical/UV 10j-likes, ECLEs, BFFs, ANTs, ENTs.  
Many tantalizing links but based on small samples. 

 

Intra-class diversity: Structured light curves, repeating 10jh-likes, TDEs in Type 
II AGN? repeating BFFs, late-time radio flares, X-ray diversity… 

Main observational challenge is to get 10-100x the sample: Will have Rubin, 
but contamination likely to be overwhelming. 

 

Multi-wavelength solutions: Optical+UV to select events, X-ray to help discern 
emission mechanism (and for QPEs), radio to probe outflows, IR to reveal SMBH 
environments, …


