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Outline

1. Basics of Tidal Disruption Events

2. Recent Discovery & Progress
3. Radio Flares from TDEs



Tidal Disruption Events (TDESs)

NASA/CXC/M.Weiss

e Census of Supermassive Black Hole (SMBH) population
* Probe of environment around SMBHs (ISM&star cluster)
* Physics of Super Eddington accretion

* Relativistic jets



Basics of TDES
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Basics of TDES
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Basics of TDEs
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Observation: X-ray

X-ray TDEs (1990s~)
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Observed 0.3-10 keV isotropic equivalent luminosity (erg s™)

Observation: Gamma-ray
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Observation: Optical
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Slow Circularization?

max escape
gean binding speed ~10*kms’
energy~10\c

X-y plane

max binding
energy~10%?

i
No Prompt Disk Formation!

v Shock Interaction
Piran+15,Ryu+18...

v BH envelope?
Metzger22,Krolik+24
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Schwarzschild: f =1
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1. Basics of Tidal Disruption Events
2. Recent Discovery & Progress
3. Radio Flares from TDEs



Lgg (logerg/s)

More Optical TDEs: Population Study

Hammerstein+23
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v Measuring o of host

=> BH mass from Mgn-0 relation

v Possible correlations(?)

=> SMBH Census by TDEs(?)



Luminosity (erg/s)
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Late-time Plateau: New Indicator?
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v Opt/UV light curves flatten at late time: “Plateau”
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v Disk model predicts Lp~MgH2/® => More reliable estimate of Mgn?



Event rate

Yao+23
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- — X-ray LF, Sazonov et al. (2021) .
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v Optical, X-ray, IR surveys give comparable event rate
v Rate ~ 1e-7/Mpc3/yr ~ 0.001x(SN rate)~1e-5/galaxy/yr



Jim 4rd?
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Jim 4rd?

Prospects?
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(DBright-End Objects => Extreme Nuclear Transients, Massive Star (Pop IIl) TDE?

(@Many Normal Objects => Peculiar events, e.g., Multi-peak events

(Faint-End Objects => Buried in host? Dwarf galaxy/Off-nuclear TDE (IMBH)




Extreme Nuclear Transient (ENT

— Subrayan+23,Wiseman+23,Hinkle+25,Graham+25
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v Happen in very peculiar galaxies (SFR>100Msun/yr)
=> Massive Star TDES?



Karmen+25

Pop Ill TDES?
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Jim 4rd?

Prospects?
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(DBright-End Objects => Extreme Nuclear Transients, Massive Star (Pop IIl) TDE?

(@Many Normal Objects => Peculiar events, e.g., Multi-peak events

(Faint-End Objects => Buried in host? Dwarf galaxy/Off-nuclear TDE (IMBH)




Yao+23

Diversity in optical light curve
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Somalwar+23,Lin+24,...

Multiple optical flares in galactic center
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= Partial TDEs?
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Payne+21

Multi-peak optical flare: ASASSN14ko
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v More than 20 peaks with P-115days

v L~1e+44erg/s, t~10days => E~1e+50erg per flare
v Persistent emission Lx~1e+43erg/s => AGN disk?
v Disk instability? Star-disk interaction?




Multiple X-ray flare

‘Quasi-Periodic Eruption (QPES)

EPIC Count Rate (Counts/sec)

Pasham+24
XMM#1 (6 Aug 2020)
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v ~5 systems

v Quasi-Periodic ~3-20 hrs, Duty cycle ~10%
v L~1e+42erg/s, kT~100eV

v Disk instability? Star-disk interaction?




0.3-2 keV flux (102 erg s' cm?)
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vL, (erg s7")
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Discovery of QPE after optical TDE
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2. Recent Discovery & Progress
3. Radio Flares from TDEs



Radio Flare in TDEs
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Chevalier98,Barniol-Duran+13

Analysis of Radio Flares
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Chevalier98,Barniol-Duran+13

Analysis of Radio Flares
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Cendes+22,Horesh+21,Sfaradi+24,Cendes+25

A Late-time Radio Flare: AT2018hyz
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e Radio flare ~ 1000days after discovery

e Flux increases as t° ~ {3



Luminosity (erg/s)

Cendes+22,Horesh+21,Sfaradi+24,Cendes+25

A Late-time Radio Flare: AT2018hyz

1042 , 1. Delayed Newtonian Outflow?
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A Late-time Radio Flare: AT2018hyz
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Diagnostic: Radio Image by VLBI
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Matsumoto in prep.

Radio Image: Newtonian Outflow
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Matsumoto in prep.

Radio Image: Relativistic Jet
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Matsumoto in prep.

Motion of Emission Centroid

Superiluminal
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Superluminal Motion will be
A smoking gun of the off-axis jet scenario.



Late-time Flares Are Ubiquitous
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Luminosity (erg/s)

Late-time Flares Are Ubiquitous
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Re-brightening!
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Late-time rise with opt. thin spectrum
=> Different mechanism from the 1st peak to make radio rise

(Most late flares show opt. thin spectrum)
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Outflow reaches Bondi Radius
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Minimum in Light Curve=>BH mass
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BH mass may be estimated only by radio flares.



Summary

Tidal Disruption Events: Flares in galactic centers

Optical & X-ray observations:
-Origin of optical emission is still not well understood.
-Reprocessing, shock interaction, or another mechanism?
-Global simulations are necessary.
-Population studies by observations will be promising

Recent Progress: Population Study

-Potential Correlation between Observables and Mbh?
-Event rate: 0.001-0.01 of Supernovae
-Bright events, Multiple-peak objects

Radio: Probe of environment and outflow



