lalr

l/’ /-



Nalve TDE expectation: See x-rays from an accretion disk
QESERVER j

ROSAT TDEs:
NGC 5905 .

RXJ1420+53 ©
RXJ1242-11 O
RXJ1624+75

|
[—

log countrate [cts/s]
I
N

—
—
-

——~

l
W

4

6 10 12

C. Bonnerot

time [yr]
Accretion disk Komossa and Bade (1999), Komossa (2004)



Surprise! TDEs as ultra-long gamma-ray bursts
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some TDEs have jets that produce gamma rays

X-ray + y-rays
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surprise IIl TDEs in the optical/UV l""”“‘“T" ‘
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The optical/UV event cant be a TDE

Expected from accretion  Observed

Center of galaxy Center of galaxy
Loct /3 Loct /3
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R~R7~10% cm R~10% e¢m
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oroblem”

-volving temperature Constant temperature

from the star No H in some cases




PS1-10jn-like optical/UV class: Hallmark He [T emission
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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
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Are these supernovae” (no)

Supernovae cool within days, these transients
remain hot PS1-10jh
Not supernovae
Supernovae show p-cygni features from PTF09ge
expanding ejecta, these transients show only
emission.
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PS1-10jh class very likely TDESs

| 3/2 —1/2
All in the centers of non-star

forming quiescent galaxies
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Evidence for expanding accretion disk
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SO how can they be TDES?

Expected from accretion  Observed

Center of galaxy Center of galaxy
Loct /3 Loct /3
T~10° — 10°K T =310*K
R~R7~10% cm R~10% e¢m

"Missing

energy ENO]_MQCZ s 1053 erg Ef\/]_()51 erg

oroblem”

-volving temperature Constant temperature

from the star No H in some cases




Emission mehcnism 1. Reprocessing material
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Emission mehcnism 1. Reprocessing material

Optical

Dai et al. (2019)

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




WD—BH encounter
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Emission mechanism 2: Circularization

GR precession causes the star to

collide with itself at apocenter

These “outer shocks” explain:

Shock 3

Piran et al. (2015)
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Emission mechanism 3: Stream-disk shocks

Density Energy dissipation
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Emission mechanism 4: Cooling envelope

Metzger (2022)



Multiple proposed mechanisms to produce optical/UV

X-ray + y-rays JV/optical

Accretion disk + jet Reprocessed accretion disk Outer shocks Stream-disk shocks @ Cooling Envelope

Guillochon et al. (2013), Piran et al. (2015), Sternberg & Stone Metzger (2022)
Dai et al. (2021) Ryu et al. (2020) (2024)
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Spectral diversity within the
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Spectral diversity within the PS1-10jh class
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Multiwavelength diversity within the PS1-10jh class
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Multiwavelength diversity within the PS1-10jh class
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SUrprising uniformity in host galaxy properties
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Repeating TDEs? ASASSN-14ko
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114-day period, decreasing with time
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Repeating TDEs? AT 2018fyk

Similar to PS1-10jh class, re-brigthening seen in the X-ray
nd UV
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Repeating TDEs? AT 2020vdg
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Repeating TDEs: AT 2022dbl
The first standard PS1-10jh class TDE to robustly repeat: big implications

b

cT’:\
&
O
T
n
O
b
)
o
i)
o
—
X
"0
~

D

¢ ZTFg ¥ ATLASC
¢ ZTFr WISE W1
¢ ATLAS o ¢ WISE W2

w

N

=

Jo
. . ‘2 l,&
Cr e B G i ke LW Sedee od B
57500 58000 58500 59000 59500 60000 60500
Modified Julian Date

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

N
o

o
Absolute Magnitude

)
=
©

)
n
C
O

O
+

0"

o
@

N

'©
€
| -
O

Z

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

4000 4500 5000 5500 6000 6500 7000
Rest Wavelength (A)




AT 2019ahk

UVW2-5.5
UVM2—-4.2
UVW1-3.2
U-22
B-1.2
ASAS-SN g
V+1.2
r+2.5

i+3.5
TESS+4.8

HH HH O O @Y O HH HOH HOH HOH

a
(av}
/)]
-
Q
o
£
o0
4y
&

B0 40 -850 20 —i0 0 10 20 30
Days Relative to Peak (MJD=58546.9)

Holoien et al. (2019)

=
(o)

Apparent Magnitude

Dgany et al. (in prep)

YEsin AGN: AT 2019ahk and AT 2022csn

AT 2022csn

@® Las Cumbres B ATLAS
® ZTF * Swift

100
Rest Frame Days Since Peak

a2 a2 s s a a a2 22

uvw?2 -4.4
uvm?2 -3.7
uvwl -3.4
u-3.0
U-3.0
b-3.1
B-3.1
g-2.5
v-1.4
V-14
c-0.5
r+0.0

0 +0.8
i+1.3

Absolute Magnitude




TDEs in AGN: AT 2019ank and AT 2022csn
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TDEs in AGN: AT 2019ank and AT 2022csn
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ne peculiar photometric
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Wait! How would a TDE be visible in a Type [I AGN?
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Wait! How would a TDE be visible in a Type [I AGN?
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Wait! How would a TDE be visible in a Type [I AGN?
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IDEsin AGN? Or are they SPOGS?

No AGN at all?
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Extreme coronal line emitters as echoes of TDES?
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Second optical class: .
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Repeating BEES?
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T'hird optical class? Changing look AGN
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Fourth optical class: Ampiguous Nuclear Transients (ANTS)
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Fitth optical class: Extrermme ANTs (ENTs)
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Theres a Zoo of Nuclear Transients Out There
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Theres a Zoo of Nuclear Transients Out There
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Main Challenge to
Observers:




Rubin promises thousands of TDEs but contamination large

<19.5 Mag (223) <19.5 Mag and Blue (123) <19.5 Mag, Blue and in PS (7)
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[ SST + Ultrasat to remove SN Ia contamination

Without UV
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At least seven classes of things identified as TDEs: X-ray flares, certain ultra-
long GRBs, optical/UV 10j-likes, ECLESs, BFFs, ANTs, ENTSs.
Many tantalizing links but based on small samples.

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, ...




