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Goal: Measure supermassive
plack hole properties and
environments from transient
SVeNts



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

All In the centers of quiescent hosts
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Luminous In the optical and UV, blue, with
broad H and/or He Il in their spectra

All In the centers of quiescent hosts
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Tidal Disruption Events - Stars Torn Apart by Supermassive Black Holes

3/2 —1/2
RTzRS fOI’MBHglOSM@°(R*> (M*>
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mean binding.s s;peed ~10“kms’
energy~10\c

max binding
energy~10"¢c’

Rees 1988 NASA, S Gezari/JHU and J Guillochon/UCSC
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Expected (accretion)

Center of galaxy
Loct—5/3
T~10° — 10° K

R~Rp~10" cm
E~0.1Mgc? ~ 10°° erg

—volving lemperature

Hydrogen from the star

Observed

Center of galaxy
Loct—5/3

T = 3.10*K
R~10% cm

E~10°! erg

Constant Temperature

alium,
NO Hydrogen




Puzzle I: VWny do [DEs emit
mostly optical & ultraviolet lignt'’?
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Optical

Dal et al. 2018




Puzzle I: VWny do [DEs emit
mostly optical & ultraviolet light'?

Solution: Ve are seeing
‘eprocessed accretion emission
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Self crossing shocks explain:

1.

5 -

AS

AS,

oW temperatures
arge radi

3. he mechanism by which the
material circularizes in order to
accrete to the black hole

Shock 2

Contact
discontinuity

Shock 3

Piran et al. 2015



Puzzle I: VWny do [DEs emit
mostly optical & ultraviolet lignt’?

Solution: Ve are seeing
eMISSION Trom outer snocks



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

Courtesy C. Bonnerot



optical x UVOIR
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optical x UVOIR

i declining :%’%
OXMM

then, x-ray

Accretion
disk starting
to form after
"% outer shocks
circularization
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MJD-57248

(Gezarl, Cenko & Arcavi 2017



) optical
i declining

Accretion
disk being
revealed after
reprocessing

material thins
100 200

(Gezarl, Cenko & Arcavi 2017
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Puzzle ll: \Why do [DEs preter
pDost-starburst galaxies'’?



Extremely high density of stars in the galaxy nucleus?
Stone & van Velzen (2010): Stone et al. (2018); French et al. (2020
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Large numbers of massive stars? o Best-fit Sersic+Disk Model
Sortolas (2022)
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TDEs (broad lines)

Bowen Flares
(narrow lines)
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AT 2021loi: A Bowen Fluorescence Flare with a Re-brightening Episode, Occurring in a
Previously-Known AGN Lydia Makrygianni
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Puzzle IV: \\Vnhat Is the nature of
these "Bowen Fuorescence Fares™?
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Challenge: How do we find more
1DEs and other nuclear transients

N order to solve these puzzles and
earn about SNVIBHS"



New Transient Surveys Coming Online Find More and More Events

BlackG




2

Yael Dgany

<19.5 Mag (223) <19.5 Mag and Blue (123) <19.5 Mag, Blue and in PS (7)

SN: 6 (85.7%)

SN: 213 (95.5%) SN: 117 (95.1%)

N SFE 1 (0.4%)
\ — Galaxy: 1 (0.4%) )y — BFF: 1 (0.8%)
Other: 1 (0.4%)

Varstar: 1 (0.4%) \— TDE: 5 (4.1%)
\ TDE: 5 (2.2%) TDE: 1 (14.3%)
AGN: 1 (0.4%)

Dgany et al. submitted
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[DEs are prignter, anad their host
galaxies tainter in the UV so are
much easier to find in the UV

— Ultraviolet ! Optical —

| JV can distinguish the different
B ——W ¢ \OcratUres, 10 more
wl ulU B g
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504 —o— ASASSN-4se  TryEq Stay U br,ght 1DEs are brighter, and their Nost

—o— ASASSN-14li

—o— ASASSN-150 galaxies fainter in the UV so are

—eo— [PTF16axa

—s— iPTF16Mn * much easier to find in the UV
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Supernovae
fade in the supernovae cool while TDES stay

-V blue, so the UV can distinguish
the 2% TDEs from the 98%

contaminants

Arcavl 2022
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Phase [days] Zabludoff, Arcavi et al, 2021



Rate constant with z
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Summary - Beginning to Scratch the Surface of SMBH Transients

A variety of UV transients that can teach us about SMBHSs:
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 T

D)

—S"7

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

Ultraviolet as the discriminant will bulld 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 Ill: Given all these
ouzzles, are these really tidal
disruption events’?



— Fiducial TDF model
- BH mass function
AGN flare model
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