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A Prediction
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An outflow interacting with
the BH environment may
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The radlo story begms .

X—rays from SW|ft J1 644+57
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Swift XRT observations
at energies between | .
300 and 10,000 eV

Unusual long, slow decline
punctuated by flare-ups
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SW|ft J1 644+57 Onset of a relatlwstlc jet
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. Days smce SW|ft dlscovery

Bloom et al. 2011
Burrows et al. 2011
Levan et al. 2011
Zauderer et al. 2011
Berger et al. 2012
and more...
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" Asun-like sfay on an eccentric ‘
. . orbit plunges toward the
. supermassive black hole in the

heart of a distant galagy.

‘Strong tida;l'forqés near the
black hole increasingly distort -

" * the star. If the star passes too

close, it is ripped apart.

’ 3. "The part of the star facing the . »

black hole streams toward it
and forms an accretion disk.

- The remainder of the star just
expands |nto space.-

: ’4. Near the black hole, magnetic

. fields power a narrow’jet of
. particles moving near the speed
of light. Viewed head-on, the jetis . -
a brilliant X-ray and radio source.




Wht Can We Learn?

e 22 GHz
e 6 GHz
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. Eftekhari et al. 2018
Calorimetry

Evolution of cooling processes

Structured Jets

Energy fraction in magnetic field

Density variation in the close vicinity of the SMBH



CNM Density Profiles
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Eftekhari et al. 2018



Do 1DEs Always Produce




Where are the rest of the
radio TDESs?
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Time Since Swift Trigger (Years)

Figure adapted from Van-Velzen et al. (2013) + Arcavi et al. (2014) +additional limits



Where are the rest of the
radio TDESs?
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Figure adapted from Van-Velzen et al. (2013) + Arcavi et al. (2014) +additional limits

A dichotomy?



The Next Development: ASAS-SN 14

Transient Component

2014 Dec 24

2015 Jan 6/13

2015 March 13

2015 April 21/22

2015 June 16/21

2015 Aug 28/Sept 8/11
+ Quiescent Emission
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Alexander et al. (2015; see also van-Velzen 2015)
e Radio luminosity is two orders of magnitude below the luminosity of SwiftJ1644
e Peak below 1.4 GHz in less than a year.
» Non-relativistic: velocities of ~ 12,000 km/s:
Outflow from accretion disk (Alexander et al.)?

Interaction of unbound debris (Krolik et al. 2016)7
A narrow jet (van-Velzen et al.)?
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A New Pne
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Delayed Radlo rlares

IGRJ12580+0134>v> HoreSh et al
v <
AT 2019DSG 4 %. o fy (2021a, Nature Astronomy)
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Delayed Radlo rlares

IGR J12580+0134

10 15
Frequency [GHZ]

~$-182 days
~$-190 days

$-197 days
{233 days
283 days

{369 days
Y576 days

Horesh et al.
(2021a, Nature Astronomy)



elayed Radlo Flares

IGR J12580+0134

Horesh et al.
lm (2021a, Nature Astronomy)
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Delayed Radlo rlares

IGR J12580+0134
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Vlore Examples
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Days since discovery

IPTF16fnl
Horesh et al. (2021b)



A More Complicated Picture

© AMI-LA - 15.5 GHz

O eMERLIN - 5.1 GHz
1 1 1 1 1

| | | | | | | |
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Days since optical discovery Days since optical discovery

AT2019azh
Sftaradi, Horesh et al. (2022)




The Importance of High
Cadence Observations
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AT2019azh (Goodwin et al. 2022)



ANd Novv Also With X-rays
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AT2019azh (Sfaradi, Horesh et al. 2022; X-ray from Hinkle et al. 2021)




An Accretion State

Transition”

- Cycle of Accretion State Transition in XRBs - Cycle of Accretion State Transition in XRBs
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Short Term Variability
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Confirmation by other teams

IGRIE268
Perlmann et al. (2021)
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1.3 GHz
2.1-2.5 GHz
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17 GHz
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97.5 GHz
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AT2018hyz
Cendes et al. (2022) " Time Since Discovery (days)




Al2018nyz

Light-curve of AT 2018hyz
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ASASSN-15o0i

—»— detection limits VATS/RACS
—&- detections in VAST epochs 17 (22/07/2021) and 19 (21/08/202

N 400Days sincéoijiscovery - o 0.01 O 1 . 1 10
Years since discovery

Detection in VAST,
A Radio Survey on the ASKAP Telescope Followup Observations By the AMI Telescope (in prep)
Horesh et al. (2022)




An Off Axis Jet”

R/T?

Observer
Matsumoto & Piran (2022)

 May Work tor AT2018hyz
e Does work for ASASSN150i, AT2019azh



JAY S|de Note

6000 7000 8000 9000

Wavelength (Angstroms)

Compact weak radio sources - TDE relics?




summary

We uncovered a new phenomenon of delayed radio flares
from TDEs

Time scales - Some on a very specific time scale of ~
200-300 days.

Time Scales - Another prominent timescale is years after
disruption.

Multiple flares can occur.

Some delayed radio flares may follow a delayed X-ray
HEE

This phenomenon may be related to transition in accretion
states (similar to XRBs).

Some flares may be explained by an off-axis jet
Some flares do require delayed outflow launching

A live laboratory to study accretion physics and outflow
(jet or otherwise) ejection
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