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GAMMA RAY BURSTS

1 GRBs - Most luminous Gamma Ray Sources
0 Long GRBs: L ~10% ergs, Teo >2s
O Collapse of Massive Star (?)
0 Short GRBs: L~ 1039 ergs, Tgo < 2S
O NS-NS or NS-BH merger (?)
O Swift/BAT, Fermi/GBM, Suzaku
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: 11060018 Page 4/47




GAMMA RAY BURST PRECURSORS

U Precursors observed mostly for long GRBs

N P

£ — S .1 - s A ~ at al 2000 - nia at al
rfew exampies for sGHBs (Abdo et al, 2009; | FOja €1 dl.,
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— 5 o significant precursors ~1-10 s before main burst

2 ¢ significant precursors ~
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=  Precursor Mechanism 7777

~1-10s1
Magnetospheric Interaction
B > 10'5 G required
Early Jet activity time
from g —
merger
Unlikely based on the timing
O What about Crust Cracking?
~10-100 ms +
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Tidal Crust Cracking

Frequency at time before merger

Surface deformation in inspiral
0.1 50
) 0 M NS
1.4 M NS
0.01 1.8 M NS
nith 10 M BH
0.001 3 withh 1.4 M_ NS
s = ~ 00
= =
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10-2 from 10 M_BH
from 1.4 M NS
5 100 2 500 10 2000 ’
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For tidal crust cracking we need 0RR/ R =~ €preak ~ 0.1
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Direct crust cracking doesn't happen until just before merger

: 11060018




Resonant Tidal Interaction

1  Neutron Stars have
Normal Modes

— Tidal Resonance has been
explored for g-modes and

f-modes

Including crust changes
modes

I-mode ~100 Hz

O | =2, crust/core
interface mode

wens [T Pegks at base of crust
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Resonant Tidal Interaction

1  Neutron Stars have
Normal Modes

explored for g-modes and
f-modes

Including crust changes
modes

I-mode ~100 Hz

| = 2. crust/core
interface mode
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Peaks at base of crust

1 Tidal Resonance has been

P
104

LN

_lp_}:-

——————————————————————

J
e
\ ,ff-
: %
RN 1 o

e $ e

L ——— ] :
.......... _._ i .__ = .‘ ===t = =
— -5 O 5 10

Page 20/47




Resonant Tidal Interaction
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Resonant Tidal Interaction
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How does the i-mode couple to the tidal field?

=17, / dzp &, - V[r'Yim (6, 6)] ~ 0.002
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How much energy can be transferred tidally?
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1 How much energy does it take to break the crust
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What happens next?
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Orbit
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O What can we do?
O NS Asteroseismology

O Constrain NS EOS (near
crust/core transition ~1-10s+

0 Need AdvLIGO freq.
measurement and
coincident detection

& Multiple Precursors merger

O Different NS structure

O Isotropic Precursors may be.10-100ms+
confused with sGRBs
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O Different NS structure

O Isotropic Precursors may be_iq.100ms—
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O Multiple Precursors merger
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O What can we do?

0 Need AdvLIGO freq.

NS Asteroseismology

O Constrain NS EOS (near
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measurement and
coincident detection
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O What can we do?
O NS Asteroseismology

O Constrain NS EOS (near

crust/core transition ~1-10s+ E
0 Need AdvLIGO freq. e -~ B
measurement and = .D =
coincident detection _,—\. ==
=, " & B
O Multiple Precursors merger :

O Different NS structure ‘

O Isotropic Precursors may be_ig-100ms+
confused with sGRBs :
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O What can we do?
O NS Asteroseismology

O Constrain NS EOS (near

crust/core transition ~H0s+ HE

0 Need AdvLIGO freq. = ~ B
measurement and .) =
coincident detection > ~ =
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= ~ & " §

O Multiple Precursors merger i
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O Different NS structure

O |Isotropic Precursors may be_;0-100ms -
confused with sGRBs f
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O What can we do?
O NS Asteroseismology

0 Constrain NS EOS (near
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0 What can we do?
O NS Asteroseismology

0 Constrain NS EOS (near
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0 Need AdvLIGO freq.
measurement and
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O Different NS structure
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O What can we do?
O NS Asteroseismology

O Constrain NS EOS (near
crust/core transition ~1-10s+
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measurement and C'..)

coincident detection

: from g — ‘ =
O Multiple Precursors merger i

- =

OO0 Different NS structure

O Isotropic Precursors may be_ig-100ms+
confused with sGRBs :
Pirsa: 11060018 - Page 38/47




0 What can we do?
O NS Asteroseismology

O Constrain NS EOS (near

crust/core transition ~1-10s+

| 2w
0 Need AdvLIGO freq. b= S it
measurement and =
coincident detection 2 = =
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O Multiple Precursors merger -

00 Different NS structure ‘
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O NS Asteroseismology from
Magnetar flare QPOs

O Primarily toroidal crust
modes, (upper) crustal
constraints

& Gravitational waves of inspiral
aione

O Mass. Radius, and love

number constraints, primarily

depends on core EOS.

& NS Asteroseismology from
Muilti-messenger timing of
precursors

O Constrains physics near
crust/core interface
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O NS Asteroseismology from
Magnetar flare QPOs

O Primarily toroidal crust
modes, (upper) crustal
constraints

~1-10 s~

O Gravitational waves of inspiral
alone

O Mass, Radius, and love
number constraints, primarily time
depends on core EOS. from @ -

merger

O NS Asteroseismology from
Multi-messenger timing of
precursors

O Constrains physics near
crust/core interface

~10-100 ms -+
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Summary: sGRBs

sGRB precursors (and some
sGRBs) may be due to
resonant crust cracking
~1-10's-

E ~ 1048 ergs

Duration ~1 s
time
from g -

With coincident signaland .,

timing from AdvLIGO allows
us to constrain NS EOS near
crust/core

Multiple precursors are
possible for different NS
structure

~10-100 ms
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Summary: sGRBs

sGRB precursors (and some
sGRBs) may be due to
resonant crust cracking

~1-10's-
E ~ 1048 ergs
Duration ~1 s

time
With coincident signal and oo
timing from AdvLIGO allows
us to constrain NS EOS near
crust/core
Multiple precursors are S p—
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Summary: sGRBs

O sGRB precursors (and some
sGRBs) may be due to
resonant crust cracking

~1-10's- .
H E~1 r .- H.
it - o L
O Duration~1s ﬁ_q = =
O With coincident signal and m::; i ‘ i
timing from AdvLIGO allows
us to constrain NS EOS near ‘
crust/core

O Multiple precursors are E——— |
possible for different NS 5
structure
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O Luminosities ~1048 ergs/s
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O Durations~1s
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o Good model for precursors
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Luminosities ~1048 ergs/s

I

Durations~ 1 s

.

Comparable to precursors seen
by Swift/BAT, Fermi/GBM

)

Alrvén Wave Luminosity ( % 10%egs s )

-
L

Good model for precursors
1-10s before merger
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