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Neutron Star Binaries
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Short-Hard
Gamma Ray Bursts

"1 Short GRBs: E ~ 10°¢
- 10°! ergs

(1 Tog< 2s

1 Leading progenitor:
NS-NS or NS-BH
merger

1 Swift/BAT, Fermi/
GBM, Suzaku
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Precursor Mechanisms

® Magnetic Field Interaction?Hansen & Lyutikov (2001), MNRAS, 322, 695

B \°/ a \7
- 45 —1
o L~7x10"ergs (1015(;> (1O7cm)

® B-field needs to be > Magnetar Strength

® Early Central Engine?
® Hyper-massive Magnetar!

® What about crust cracking? Kochanek (1992), APJ, 398,234



Direct Tidal Crust Cracking
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For tidal crust cracking we need 0R/R >~ €preax ~ 0.1



Direct Tidal Crust Cracking

How much energy can you get out of the crust?
Energy stored in crust:

| .

7 2
H~1Kkm [~ (Ze) n; ~ 10°° ergs cm™°
109 g/cc @ o A8
Crust E.~4nR°Hpu ~ 10™ ergs
Fracture when dR/R ~ 0.1:
104 g/cc )
SR M, (R
R~ 12 km RNMg<d> ~01=d~few x R
Releasing energy:
Core FEiige ~ 4m(6R)>Hp ~ 10*° — 10*7 ergs

When does this happen?
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Direct Tidal Crust Cracking

Surface deformation in inspiral

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






Tidal Resonance

® NSs have normal modes

® Tidal resonance can transfer huge amounts
of energy

® Need a mode that;

® strains the crust
® couples to the tidal field (=2, spheroidal)
® hits a resonance well before merger (f < | kHz)

® Ve treat perturbations with McDermott et al (1988)
and Reisenegger & Goldreich (1994), using modern
backgrounds



Tidal Resonance

® Need a mode that:

® strains the crust X

® couples to the tidal field (1=2, spheroidal) \/ 1.00 zgﬁ

® hits a resonance well before merger (f < | kHz) \/
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Tidal Resonance

® Need a mode that:

® strains the crust \/
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® Need a mode that:

® strains the crust

® couples to the tidal field (I=2, spheroidal)

v

Tidal Resonance

v

® hits a resonance well before merger (f < | kHz)
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Tidal Resonance

® Need a mode that:

® strains the crust \/
® couples to the tidal field

® hits a resonance
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How does the i-mode couple to the tidal field?

Q=

M R?

/dgxp £ - V[r*Ys 42

(0, ¢)] ~ 0.025

How much energy can be transferred tidally?

" 5 5/3
Eooe ~3x10° er M; ;" R%, ( )
gf185 0 03 R

How much energy does it take to break the crust?

Ey = (27 finode)’ / Baptl & ~ 5 x 10%erg 2 |

What happens next?



Orbit
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A NEUTRON STAR: SURFACE and INTERIOR
® ‘Swiss ‘Spaghetti’
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Nuclear Symmetry Energy

Epu.py) = Ealo) + 50) (222 )
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Steiner & Watts, (2009), PRL, 103, I181101
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equations of state given in [15]. The crust-core transition baryon O
density is fixed to be n, = 0.065 fm > for each model. %
: o
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Parabolic/Eccentric Encounters

If encounter is close
enough shattering
flare can occur

Emission similar to
circular case

Eccentric captures
may lead to multiple
bursts

Possible EM/GW
signal!

Rates are not very

gOOd .« .(~100x less than
Lee et al, 2010; O’Leary,
Kocsis & Loeb, 2009)
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Parabolic/Eccentric Encounters

If encounter is close ];léngin) (Hz) .
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waveform h

Precursor flares are seen before
some SGRBs

Shattering flare caused by tidal
resonant excitation of the i-mode
Coincident timing of precursor w/
GW inspiral determine mode freq.
Can provide constraints on shear
speed/nuclear physics at base of
crust

Total fluence can constrain

breaking strain

Summary/Future Work

1.0

0.8}

0.2}

00

[/

7%
U5
o0

-10

05

0.0 05 10 15 20
displacement
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model
Pasta??
Elastic vs Plastic

A NEUTRON STAR: SURFACE and INTERIOR
® Suiss Spaghetti
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