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Prospects for 
gravitational-
wave astronomy

What we can 
learn about 
binary neutron 
stars



  

Double pulsar
J0737–3039

Courtesy:
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Credit: rhcole.com/apps/GWplotter/



  

Pulsar timing

Credit: D. Champion 
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Lentati et al. (2015) arXiv:1504.03692
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L3 mission concept

Gravitational Universe 
science theme chosen



  
Credit: Astrium (EADS) 
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LISA 
Pathfinder



  

Amaro-Seoane
et al. (2012) 
arXiv:1201.3621



  

Extreme-mass-ratio inspirals

Credit: J Gair
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Ground-based interferometer

Credit: LIGO, NSF, Caltech 

LIGO Hanford (Washington)
4 km arms



  

Detector network



  
Credit: LIGO Document G1401390-v8



  

Binary neutron 
stars

Credit: NASA



  

Detectors cover 
a range of 
potential sources

Binary neutron 
stars may be the 
main source for 
Advanced LIGO



  
Szilagyi et al. (2015)
arXiv:1502.04953

Inspirals 
are 
well 
under-
stood



  

Exploring parameter space

Mapping the posterior is 
difficult (arXiv:1409.7215)



  

Deviations from EinsteinTime taken



  

www.ligo.org/scientists/first2years/



  

Sky localization

arXiv:1406.5623, 
1411.6934



  
arXiv:1411.6934

Chirp mass



  
Farr et al. (2015)

in prep.

Chirp mass

Preliminary



  
Farr et al. (2015)

in prep.

Spin

Preliminary



  

Summary

Gravitational-wave astronomy spans a range 
of frequencies and sources.

Advanced LIGO starts observations this year.
Binary neutron stars may be main source.

Measure sky position at low latency & chirp 
mass at medium latency.
Individual masses and spins may not be well 
measured.



  
arXiv:1411.6934 

www.ligo.org/scientists/first2years/

Gravitational-wave astronomy: 
coming soon
Gravitational-wave astronomy: 
coming soonish
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Outlook

An approximate timeline for detector advances:

Now IPTA
2015 LISA Pathfinder
2015-2020 Advanced LIGO & Advanced Virgo
2018 KAGRA
2022 LIGO India
2023 SKA
2034 eLISA



  

Space-based interferometer

Heliocentric orbit at 1 AU

Credit: J. Baez 



  

Bursts are 
detectable 
from 
nearby 
galaxies

Berry & Gair (2013) 
arXiv:1306.0774



  

Advanced-detector era

See arXiv:1304.0670



  

Binary 
black 
holes

Credit: 
Caltech-
Cornell 



  

Sky localization

arXiv:1411.6934



  

Chirp mass

Chirp mass gives leading-order amplitude and phase 
evolution (arXiv:0903.0338)



  
arXiv:1411.6934

Chirp mass



  
Farr et al. (2015)

in prep.

Chirp mass

Preliminary



  
Farr et al. (2015)
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