Multi-messenger astronomy in the era of LIGO-India Jan 15 2019

GW_EM SYHCI'gy ln Resmi Lekshmi
the era of LIGO-India = siencereamotosy




EM follow-up in the time of LHVKI
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Better sky coverage and localization
accuracy.

Improvement in network
sensitivity : sqrt(IN).

Tighter constraints on inclination
angle.

High sensitive EM missions joining
by that time : LSST, TMT, SKA,
Thesus/ Athena (by late 2030s)
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Kim, Schulze, RL et al., ApJL, 2017, 850, 21.

Em couNterparts of GRAvitational wave sources at the VEry
large telescope. Using ESO facilities and follow-up in X-ray/
mm /radio frequencies.
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Structured relativistic jets

w—  1,=100, 6, =5°
== I,=30,0 =5°
w— [',=100, 6, =15° |]

=)
...
... J
...
.... g
|

0

10 20 30 40 50 60 70 80 90

Viewing angle

Mohan, RL, & Saleem, 20109.

Log(dL/Mpc)

151

1.0t
0.5}

0.0 }—

20

30

40 50
Viewing angle

60

70

80

90




Rates of GRB prompt emission detections from structured jets
are consistent with current Fermi observations
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Jet structure: GW-EM combined study

» EM measurements of viewing angle (9v)

12

»  VLBI angular size measurements : 18 —
o | 79PP (1 cost, )
model dependent. 14-28° for 170817a 8 cosb,,

(Mooley et al 2018)
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» Multi-wavelength modelling of EM
counterpart emission. Model
dependent. At the moment tighter than
the VLBI measurements : 19-21° (Lamb
et al 2018)
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Mooley et al, Nautre, 2018
Also Ghirlanda et al, 2018.
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Jet structure: GW-EM combined study

» EM measurements of viewing angle (9v) Redshift 2
80048 0.97 0.99 0.}1 0.}3 O.TIS 0.117 0.}9 0.21
»  VLBI angular size measurements : o]
model dependent. 14-28° for 170817a Lo
(Mooley et al 2018). " s
S 30} ]
» Multi-wavelength modelling of EM S et
counterpart emission. i Lot
s Cl)'HoVO !
°  GW measurements of L will be improved ~ R
5deg error with 3D localization by EM : O e ik
(LHVKI) at 200Mpc.
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» Combined posterior of the inclination Arun et al 2014
angle with GW-EM.

For GW170817, 8° error on L with 3D localization

- Tighter d, improves jet structure estimates. and independent HO (Mandel et al., 2018, Ap]JL.)



Radio counterparts: jet
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Off-axis synchrotron emission is DEFINITELY more prominent in lower frequencies.



Faint radio counterparts: immediate
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@ Another faint emission component could be the
NS merger debri.

@Hydrodynamical simulations show that the jet
can emerge out of the debri at ~ 10’ cm or so (Xie
et al 2018, Kathirgamaraju et al, 2018).

@However, the debri can emit non-thermal radio
emission (Hotokezaka et al).
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Faint radio counterparts: late

we GRB jet Hotokezaka & Piran 2015
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Several authors (Metzger & Bower, 2014, Horesh et al 2016, Fong et al 2016) have looked for
this emission in VLA / ATCA. Limits of a few m]y:.

We are currently studying the same with uGMRT (Cherukuri et al).

SKA era: many such transients will be detected.



Counterparts in other wavelengths

* Deep searches of KN in nearby (z < 0.5) GRBs rules out AT2017gfo
type events: Diversity in KN emission (Gompertz et al 2017)

+ Rate of KN similar to AT2017gfo : consistent with BNS rates. More
events will give tighter constraints (Yang et al 2018).

« LSST : AT2017gfo like KN beyond 1Gpc (Metzger et al 2017)
« TMT ftor follow-up studies.

* Merger remnant : Spin down luminosity (conversion efficiency of
0.001, 11.5 < log(B) < 14) of an NS post-merger will be brighter than

the observed X-ray flux of GW170817 (Pooley+2018). Future post-
merger remnant detection in X-rays? (Athena/Thesus)



+ Current statistical studies can not

GW follow-up of EM triggers

* There is a considerable diversity in

short duration GRBs at present.

Diverse origins predicted (Virgili et
al 2009).

+ Particularly, a soft long lasting
extended emission (EE) is puzzling.
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conclude on a separate population
for EE events (Anand, Shahid, & | | [0 B e oterbuss
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RL, MNRAS, 2018). o

(Anand, Shahid, & RL,
MNRAS, 2018).

* In the era of LHVKI, EM triggers
could be followed up by GW!



Summary

“ Diverse outflows from BNS and NS-BH merger.
+ Differences between BNS and NS-BH merger.

* What is the origin of classical short GRBs? All from NS
mergers?

“ Structure of jets : a unique perception after GW-triggered
events.

* Post-merger remnant and its EM signatures.

+ NS kick velocity measurements from Off-sets.



