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Radio emission In TDEs
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Synchrotron emission => Probe of Outflow + Environment
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Synchrotron emission => Probe of Outflow + Environment



Chevalier98,Barniol-Duran+13

Radio in TDEs: Equipartition analysis
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=> Total Energy: FEio: ~ B°R°> + Nmeczfy ~R"'+R°
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R should be NReq
=> Estimation of other quantities
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Chevalier98,Barniol-Duran+13

Radio in TDEs: Equipartition analysis
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Radio emission In TDEs
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Synchrotron emission => Probe of Outflow + Environment



Chevalier98,Barniol-Duran+13

Radio in TDEs: Relativistic equipartition analysis

Synchrotron-emitting
relativistic outflow

=> Total Energy: FEiot ~ B°R° + Nmeczfy ~ R+ RO

Ee"‘EB

R should be ~ Rqq
=> Estimation of other quantities



Andreoni+22
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Chevalier98,Barniol-Duran+13

Radio in TDEs: Relativistic equipartition analysis

I'~2-3 (Relativistic source!)

Eiiso~let+33 erg

Detailed modeling
(as GRB afterglow, Sari+98)
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| ate-time radio flares

Cendes+22,Horesh+21,Sfaradi+24
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 Radio flare ~ 1000days
after optical discovery
* Flux increases as t"5
e Origin?
Delayed disk formation?

Off-axis jet?



Matsumoto&Piran23

Radioin TDEs: Generalized equipartition analysis
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=> Total Energy: FEiot ~ B°R® + Nmeczfy ~ R4 R
Ee + ER

Two minimizing radii

corresponding to on/off-axis

Req,on
Req,off



Veiwing angel : 6
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Late-time radio flare as off-axis jet
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Veiwing angel : 6

Matsumoto et al. in prep

VLBI diagnhostics

IB eq,N:Req,N/ ~0.1c

0.04

*Newtonian outflow (on-axis): ~0.1c
Relativistic jet (off-axis): I'~3

R>1.e+18cm (v/c)(t/yr)

0>0.3mas
(R/1e+18cm)(d/200Mpc)-




Ubiquitous late radio flare
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Event-rate consideration

Ropt ~ Rx~ 1000 /Gpc3/yr (~10-4 /galaxy/yr)
Sazonov+21,Yao+23

Ron-jet ~ 0.01-0.1 /Gpc3/yr Andreoni+22

Beaming: f,~62~0.01
Rotriet~ 1-10 /Gpc3/yr
At most a few % of TDEs can have off-axis jet

BH spin
SI quasi-isotropic Jet breakout = Double alignment?
. \ 1 /Wind
LN 1. Observer’s line of sight = jet axis : f,~62
- 2. Stellar ang. mom. = BH spin : fLs~61.s2~6;2

On-axis Successful Jet: Ron-jet/ RTDE ~ 0i* ~ 104 (6;/0.1)*

Lu, Matsumoto, Matzner 23, Teboul&Metzger 23



Ubiquitous late radio flare
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Double-peak radio flares

1039

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)



Matsumoto&Piran 24

Outflow reaches Bondi radius
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Light curve
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Parameter dependence
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ISM density
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Comparison with observed events
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Minimum in light curve=>BH mass
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2nd peak in light curve=>outflow mass
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Summary

e Radio emission: Probe of outflows and environment.
e | ate-time radio flares (>1000days):
+ The origin is unclear.
+ Rapidly rising events (AT2018hyz) => Off-axis jet?
+ Double-peak events (AT2019dsg & 2020vwl)
=>Single outflow traveling into power-law+flat
density profile can explain the observations.
=>Estimation of BH mass, outflow mass/energy.
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