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Neutron Star Mergers : Extreme Astrophysical Laboratories
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Image: Korobkin et al. 2012



What can we learn from mergers?

Gravitational Waves:
Test General Relativity
Measure NS/BH mass & spin distributions
Constrain nuclear physics through NS equation of state
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Finite size effects: inspiral

Tides in neutron stars cause
large stars to merge faster!

1 yr of “typical’ LIGO data
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Inspiral models: Current status

Build semi-analytical model Perform high-accuracy
(e.g. Effective One Body) numerical simulations
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What can we learn from mergers?

No post-merger EM signals Potential post-merger EM signals



Types of merger ejecta and neutrino effects

Cold, mostly neutrons
Favored by:
Large stars

Asymmetric mergers

Post-Merger Disks:

Hot, less neutrons
Only for NS-NS
Favors small radii

Winds (B-fields, v)
Strong v effects




Dynamical ejecta: Always neutron rich (Ye ~ 0.05)
Shocked ejecta / wind: Neutrino absorption drive Ye up
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Neutron rich (Ye<0.25) : produce heavy r-process
elements (A~120-210)
Otherwise : produce lower mass r-process
elements (A~90) [Optical transient]




From simulations to observables:

Full GR
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Conclusions

e \Wide range of physical effects can be studied
through BH-NS / NS-NS mergers

e Merger dynamics and outcome can only be studied
with general relativistic simulations

e Good qualitative understanding of merger dynamics

e Improving waveform models for NS, still need to
reduce systematics for upcoming LIGO detections

e Post-merger evolution requires detailed, complex
microphysics, and is still work in progress



