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The Era of GW/EM Astronomy

Event rate (counts/s)  Event rate (counts/s)

Event rate (counts/s)

Frequency (Hz)

2500 A
2250 A
2000 A
1750 4L b
1500 A
1250 A

1750 1
1500
1250 A
1000 A

750 -

120000 A
117500

115000 A

112500

400

300

200

100

50

N&e‘{%e( G?”%

sﬁ‘(’@

Lightcurve from Fermi/GBM (10 — 50 keV)

it Ll N (il N sl |
T AT

Iﬂ!

.. ﬂh Nl JII m i

Lightcurve from Fermi/GBM (50 — 300 keV)

m e 1 UN 0 UL T ” i ||I|Nl i V L W Ui TR M Il
il I r

Ll W' T r|1 1 TR R T

WT

Lightcurve from INTEGRAL/SPI-ACS
(> 100 keV)

h. .i. ..h. || e i l Iﬂ.
HTIMHHWM ﬂMn 'MII ] N

L,

M

I
|| Iw "ﬂ M |F' |||| [

Gravitational-wave time-frequency map

—10 -8 —6 —4 —2 0

Time from merger (s)

2 1 6

LVC + Fermi, 2017



Electromagnetic Counterparts: Kilonovae
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Electromagnetic Counterparts: Kilonovae
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Electromagnetic Counterparts: Short Gamma Ray Bursts
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Some SGRBs have precursors...

from o -

time
merger
~10-100 ms +
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Direct Tidal Crust Cracking?
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Horowitz & Kadau (2009), PRL, 102, 191102

For tidal crust cracking we need 0R/R >~ €preax ~ 0.1

Direct crust cracking doesn’t happen until just before merger
(if at all). What else?









Tidal Resonance

e Tidal Resonance can transfer huge amounts of energy from
orbit to modes

e Need a mode that:
e strains the crust
e couples to the tidal field (I=2, spheroidal)

¢ hits a resonance well before merger (f < 1 kHz)



Tidal Resonance
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Resonant Shattering Flares

Orblt Flidal ~ 10%%ergs™
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DT+, PRL, 108, 011102 (2012)
DT, ApJ, 777, 103 (2013)




Resonant Shattering Flares
SN %ﬂ * Epsr ~ 1047 - 10% erg, Atpsr ~ 0.1s

« RSF model can be easily tested with
EM/GW coincident timing
a7 A

SN ‘)ﬂ » Predicts weak GRB-like emission

~1-10 s (@ seconds before the chirp
Ps A coalescence
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~10-100 ms +




Resonant Shattering Flares
SN %ﬂ * Epsr ~ 1047 - 10% erg, Atpsr ~ 0.1s

« RSF model can be easily tested with
EM/GW coincident timing
a7 A
S v * Predicts weak GRB-like emission
10ed (@ seconds before the chirp
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¥ ’?J * The timing of the RSF provides
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Resonant Shattering Flares
SN ‘bﬂ * Epsr ~ 1047 - 10% erg, Atpsr ~ 0.1s

« RSF model can be easily tested with
EM/GW coincident timing
’\,\‘A

 Predicts weak GRB-like emission
seconds before the chirp
coalescence

~71-10 s

%r" * The timing of the RSF provides
(‘ precision asteroseismology of
a7

e I-mode frequency dependent on

A the NS i-mode
¢ EOS, NS bulk properties and shear
velocity at base of the crust

time
from o +
merger

e Constrains unknown nuclear
physics (Symmetry energy, EOS...)

~10-100 ms +




How detectable are EM
counterparts?

(kNe detectability from
Kalsiwal & Nissanke, 2014)

(DT et al.in prep)
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Potential Orphan RSFs?

Ersr ~ 1047 - 1049 erg, trsr ~ O0.1s

BAT Ifluence EEreEe
(107 erg
cm-2) (erg)

High Exin;
150101B 0.018 0.13 0.23 2.6 x 1048 Fong+(2016)
0505098 0.073 0.225 0.09 1.1x1048 Gehrels+(2005)
0605028 0.131 0.287 0.4 7.9x1048 Bloom+ (2006)

* Levan & Tanvir
050906 0.128 0.031 0.07 1.5 x 1046 (2008)

*no afterglow; host galaxy within BAT error box

Q: Is there a local orphan RSF component in SGRBs population?
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(DT et al.in prep)
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Black Hole - Neutron Star Mergers
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Summary

® RSFs caused by resonant tidal ® Weak X-ray/Optical/Radio
excitation of i-mode injecting afterglow

energy into pair-fireball, seconds e Coincident EM/GW timing will
before merger confirm RSF model and

® RSFs are: determine mode freq.
® |sotropic ® Shear speed/nuclear physics
® Bright: should be easily cho;\straints; Complementary to M,

detectable within the LIGO
horizon ® Does not need tidal disruption -

® Ersr~ 1047- 104 ergs larger fraction of NS-BH mergers

® Uncertainties
® trsp~0.ls

® Surface B-field - core vs crust

o
Can appear as SGRB precursors or evolution?

orphan RSFs (underluminous, very :
short GRBS) ¢ NRSF/Nmerger-
® Excess of nearby orphan RSFs!?



