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Extreme outflow and radio transient
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Introduction Radio transient 101

Energy per particle ~ mp v2/2
10% => electons’ energy and magnetic energy

Electron Lorentz factor:
Y ~ mpvZ/mec2 ~ 100 (v/c)?2
B ~ 0.01G n1/2 (v/c)

Synchrotron frequency:
Vs = y2eB/2mmec?
~ 1 GHz n1/2 (v/c)°

Relativistic outflow (v~c) in the typical ISM (n~1cm-3)
emits synchrotron radiation peaking at radio.

Time scale: the deceleration time of the outflow

tp ~ 80 day n-1/3(E/1050erg)1/3 (v/c)-5/3



Introduction

Extreme outflows produce a bright radio signal

Table 2: Velocity dependence of radio_fluxes.in different resime
Flux Full Rela (t < tgec) Non Rela (t < tgec)
Thin (i)  F, oc RRBIwy /2 g3rGetd)/4(p — 1)6r=3)/4 /(1 — g)3
Thin (i)  F, x R3BTv,"/? B3T(T — 1)~1/3 /(1 — B)®

Thick (i) AT —1)/(1 = B)*/T
Thick (i) BEL-I/AT —1) "V /(1 - B)®

eg.,.p=2~3

The flux is extremely sensitive to the outflow’s velocity.
=> Relativistic phenomena is bright !!
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Radio transient sky in 2016
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Rise of the Radio Surveys
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Radio transients

Times scales are long (>year)

They have been usually discovered by the follow-up of
high energy transients

Faster outflows are brighter
A good measure of R, energy, and ISM density
The size can be directly measured via VLBI

The survey speed is significantly increasing
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Magnetar in merger

Metzger & Bower 14, Horesh, KH+15, Fong+16, Klose+19, Schroeder+21, Bruni+21

Metzger et al 18 Horesh, KH+15

Blue KN Ejecta
internal shocks g gamma_rayS?

$“neutrino-heated laye
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A merger-magnetar can be
extremely bright in radio, like
TDEs, LGRBs.

So far, we’ve never seen such
phenomena after short GRBs.
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BRAANRYZ RIU in GW170817

Fong+19, also Margutti+18
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=R TRSE in GW170817
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HBICEES T Y S in GW170817

VLBI: Mooley...KH (2018)
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HBICEES T Y S in GW170817

.
'
.
'
'

E

BHLH., Nzl

VLBI: Mooley...KH (2018)
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GW + light curve + VLBI => HO
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3-4% of a systematic uncertainty due to jet modeling
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ASKAP blind search for
GW190814

Dobie...KH+ In prep.

~ 30 deg?
0.9GHz
2-655 days
10 epochs
~ 40 udy

Astrophysical variables found here are mostly AGNSs.
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Unbiased radio surveys

Completed
e Caltech-NRAO Stripe 82 Survey (2013-2015, Mooley+16)
3GHz, 5 epochs, 270 deg?, 80udy

e Variable And Slow Transients Survey pilot (2019-2020, Murphy+2021)
0.9 GHz, 5-13 epochs, 1646 deg?, 240 uJy

e GW190814 unbiased follow-up (2019-2021, Dobie + in prep)
0.9 GHz, 10 epochs, 30 deg?, 40udy

On-going and the near future
VLA All Sky Survey (Lacy + 2020, 2017 - 2024)
3GHz, 30000 deg?, 70udy

* ThunderKAT (Fender+2017)
1.4 GHz, South, 30 pJy

 VAST survey (Murphy+2013, 2022-)
0.9GHz, xx epochs, South, 60uJy



Radio transient sky in 2021
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Implication to the magnetar
formation in BNS merger

LIGO/Virgo BNS merger rate : Row = 320+490_540 Gpc-3 yr-1

If some fraction of BNSs, f, form a magnetar, we expect

L nAt

_ —3/2 3/2
N(> 8)~0.02f deg™* (1r§Jy) (15%) (3OOGpC_3)

Now the observed density is ~ 0.0017 at 1 mJy,
suggesting f < 0.1.

1

Time Lyears] With full VLASS data, f will be limited down to
1.0e-3 or even stronger.




Caltech-NRAO Stripe 82 Survey

Discovery of a tidal disruption event in radio
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CNSS J0019+0035: a nucleus radio transient in a SO-
Seyfert galaxy at 77 Mpc.



Caltech-NRAO Stripe 82 Survey

Discovery of a tidal disruption event in radio
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Radio zoo of tidal disruption events.



Radio transient sky in 2021
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VLA-AIll Sky Survey (VLASS)

Radio transients for known SNe and GRBs

Shock Radius (cm) for vip,,+=0.05¢ Stroh + 21
10" 10'0

VLASS with H-rich prompt spectrum

VLASS with H-poor prompt spectrum Long GRBs
VLASS with no prompt spectrum = Archival H-rich
Archival VLASS with H-poor prompt spectrum ‘ Archival H-poor
Archival VLASS with no prompt spectrum

Long GRB

PTF1l1lqcj SN 2002hi
= //_.\- .
SN 2012ab
B SN 2005ha
L |

[

(e}
[}
©

oo Ep2012 SN 1965
it 1 | o

‘

[ —
(e}
[}
%3]

—~
N
I
~—
(7]
~
a0
| -
()
N~—
>
B
[72]
(@)
[
£
|
—

SNe

’_l

o
[\
=3

SN 1986J

u

100
Time since explosion (years)

Quite powerful to see late time activities of known objects.



