Shocking news - a polarizing
study of a tidal disruption event

Karri Koljonen
Norwegian University of Science and Technology

+  Yannis Liodakis (FINCA), Elina Lindfors (FINCA), Talvikki Hovatta (FINCA), Marco Berton (FINCA), Jenni Jormanainen (FINCA), Kari Nilsson (FINCA),

Dmitry Blinov (FORTH/Heraklion), Kate Alexander (CIERA/Northwestern), K. Kouroumpatzakis (FORTH/Heraklion), N. Mandrakas (FORTH/Heraklion)

Liodakis, KK, et al.
Accepted for publication in Science

NOT - a telescope for the future / 7.-10.6.2022 / H10 Taburiente Playa



Tidal Disruption Event (TDE)

SMBH tidal forces > binding
forces of the star
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Tidal Disruption Event (TDE)
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Origin of the emission in TDEs

Accretion disk

max escape
-]
mean binding _speed~10"kms

¢=.-m-:'rgy«»1()"\5’(:2 /}

o

X—ray flares

NGC 5905 L
RXJ1420+53

\j,\\ F X t_5/3 RXJ1242-11

RXJ1624+75

|
—

n
-
n
-+
=
E3
=
<
v
B
Z,
=
O
O
O
q,
)
A
B
<
)
O
¥,
O
O
—

1990 1g92 . (994 1998 = 1998 « 2000 @ 200"
TIME [y]

Komossa & Bade 1999: Komossa 2004
Rees 1988




Origin of the emission in TDEs
Optical TDE

Rest—Frame Days Since Peak
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Surprising “optical” TDE
(Gezari+12)

Located at galaxy centres

Not as hot as accretion disk
(~few 104 K)
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Two orders of magnitude larger
radii (~1015 cm)
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Origin of the emission in TDEs
Accretion disk +

max escape

. : ' mean binding Speed~10°kms’
An extended, op’FlcaIIy thick gnvelope S oneray- e’ */\F
from stellar debris reprocessing the ;
accretion disk emission can explain the
optical behaviour (Roth+16)

Guillochon+14 \ Rees 1988



Origin of the emission in TDEs

Does not dissipate enough
t =0 energytocircularize flow  t = 1.5%to t = 3xto
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Origin of the emission in TDEs

Accretion disk +
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Optical polarization in AT 2020mot

. First significant measurements of high
linear polarization from a TDE decay

« Three epochs observed with RoboPol
(one with ALFOSC) with a peak intrinsic
polarization of 25+4%

» Host & MW polarization < 1%
« Evolution in PA of ~40 deg

Hcorr — Hobs X 1/ (I _ Ih0st)
I = Ipp + L

Liodakis, KK+21




Optical polarization in AT 2020mot

Jet contribution?

« The high degree of polarization is hard to produce with known
astrophysical mechanisms apart from synchrotron radiation

« (On-axis) jets are observed in TDEs but rarely (~1%)

« |sthere ajetin AT 2020mot?




Optical polarization in AT 2020mot

Jet contribution? Radio?

» VLA observations during three
% AT2020mot
epochs ® ASASSN-150

« Non-detection @ 15 GHz

« ~85+25 uwly @ 1.4 GHz and
v-0.7 spectrum consistent

with star formation (SFR ~
0.27+0.08 M@ /yr)

. CIGALE fit 0.11+921.91y Mo /yr

. Radio-loud
on-axis jets
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Optical polarization in AT 2020mot

Jet contribution? Radio?

Best model for ATmot2020
(z=0.07, reduced x?=0.39)

» VLA observations during three
epochs

« Non-detection @ 15 GHz

« ~85+25 uwly @ 1.4 GHz and
v-07 spectrum consistent

with star formation (SFR ~
0.27+0.08 M@ /yr)

. CIGALE fit 0.11+921.91y Mo /yr
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Optical polarization in AT 2020mot

Jet contribution? X-rays from jet base (corona)?

e Swift& XMM .o
observations
throughout the TDE s 3h
decay (>ZOO daYS) AT.2.020mot : A:T2020mot
. ) Stacked XMM/MOS -~ = | i) Stacked Swift/XRT -
- No X-ray detection

even at late times
(off-axis jet
scenario)

AT 2020mot

o

. C) Stacked SWif’E/UVO?|_+\/\/2'bar‘;w:‘:I




Optical polarization in AT 2020mot

Disk or reprocessing contribution?

« Scattering from accretion disk produces max. 11.7% linear polarization

» Scattering from stellar debris disk, if clumpy, can produce up to 10%
linear polarization (Marin & Stalevski 2015; Marin & Schartmann 2017)

» TDE reprocessing models require quasi-spherical geometry that are low-
polarized due to symmetry

 Also produces optical spectral lines and late radio+X-ray emission which
we didn’t observe



Optical polarization in AT 2020mot

Colliding stellar stream shocks
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Piran et al. (2015); Shiokawa et al. (2015)



Conclusions

» Colliding stellar stream shocks seems to be currently the only viable
scenario for explaining the observations

» Polarized radiation (magnetic fields) not taken into account in the TDE
simulations

. Stellar magnetic field is expected to be amplified (Bonnerot+17)

« Statistics of one at the moment, so more observations are needed!






