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Inspiral

A

Predicted evolution of compact NS-NS
(My=1.4M_ )

[ At formation o r ~10° km
P~1—10 hour <—

Evolve as a result ~ 2°Km ~108—10° yrs
of GW emission ‘ - ‘

Last 15 min at r~700 km = 10°km

\ (fow ~ 10HZ) ‘ ‘

Merger starts at »~ 30 km *
(fow ~ 1 kHz)

Merger: Subject today




Galactic compact NS-NS observed

E.g., http://stellarcollapse.org/nsmasses

PSR Pday) e MWMy)) M, M, Tgy
1. B1913+16 0.323 0.617 2.828 1.441 1.387 3.0
2. BI1534+12 0.421 0.274 2.678 1.333 1.345 27
3. B2127+11C0.335 0.681 2.71 1.35 1.36 2.2
4. J0737-3039 0.102  0.088 2.58 1.34 125 0.86
5. J1756-2251 0.32 0.18  2.58 1.31 1.26 17
6. J1906+746 0.166 ' 0.085 2.57 1.29 1.32 3.1
*10° yrs
BRik 2 H Orbital Eccentricity Mass Merger
ISFFiE period time

-> Galactic merger rate ~1/105*1 yrs

(e.g. Kalogera et al., 2007, Abadie et al. 2010)

- Merger rate ~1-100/yr/(300Mpc)’
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Late inspiral
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Point mass phase
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Merger =>
Hypermassive NS

Black hole & torus
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> @ o (o)

Dynamical & GR phase

Tidally dominated phase

Post-Newton

Post-Newton
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Numerical relativity
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eLISA: Gravitational Universe, 2034~
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quark-hybrid vaditional neutron star
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hyperon

star neutron star with

pion condensate
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nucleon star
R~10km
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y (km)

MG RLIZ XD LLER (Effective One-Body)
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35-1.35 M, EOS: MST (stiff)
without tidal effects
with tidal effects
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See, e.g.,Pan et al., (2011)
Damour et al., (2012)
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EOS dependence: M =1.
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Fourier spectrum
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f he (D=50 Mpc)

Fourier peak & NS radius

Bauswein & Janka, PRD 86, 063001 (2012)
Hotokezaka et al, PRD 2013
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short y-ray bursts

 Short time duration: At < 2 sec

.« JURIRIIZ 1B 1 00ms

™

HEPEFREOSHEILAE LS 53




NS-NS merger with finite-temp EOS + neutrino
46 p (g/cm’) l i :: L(erg/cm?/s) "
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Trmax [10MeVI g 10" g/cm’]

L, [10°° erg/s]

o

Related quantities

Blue: M=1.6-1.6

Red: M=1.35-135M_,
, Green: M=1.5-1.5
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HMNS : L~3-5x10%3 erg/s
BHtorus: L~1x10>3 erg/s




Neutrino pair annihilation

V v+v2oe+et2y L cotiies

(external shock wave)

Colliding shells emit \N i
low-energy gamma rays -
(internal shock wave)

High-energy
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Annihilation rate (Beloborodov ’08)
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Model : 1.2M,, — 1.5M

y (km)
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Model : 1.2M,, — 1.5M
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Z (km)

Mass ejection on the meridian plane

(x-z plane)

Model : 1.2M__ — 1.5M_., EOS=APR4, R ~11 km
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Mass ejection on the

Model : 1.2M_ . — 1.5M

sun?’
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Ejecta is quasi-spherical:
Shock heating plays a key role.




Amount of ejection depends strongly on EOS

(Relatlvely) Soft EOS is favored
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Estimate by Li-Paczynski (ApJ, 1998)

Maximum Luminosity @ R/v=R’pk/c:
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2.7 M,, NS-NS Merger and remnant

Radioactively
powered
EM signals
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Implication of short-GRB 130603B
Observation of short-GRB130603B: Swift BAT/XRT

http://www.swift.ac.uk/burst analyser/00557310/

BAT-XRT data of GRB 130603B
BAT: Black —— XRT: WT: Blue; PC: Red
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Kilonova/macronova with GRB 130603B

€ Hubble Space Telescope imaging
by follow-up observation

Tanvir et al., 2013
Berger et al., 2013
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Straight lines |
o dels of Observed data Tanvir et al.

GRB afterglow Time since GRB 130603B (days) Nature 2013
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Progenitor models of GRB130603B: NS-NS case
GR-+radiation transfer work by Hotokezaka +, ApJL778, 2013
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1 GW source detectors

LIGO: 2015 ~




Fabry-Perot Michelson laser-interferometer
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