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Modern astrophysical sources 
Type 1a supernovae 
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Image credit: http://
www.darkenergysurvey.org/
science/SN1A.shtml   



Modern astrophysical sources 
Type 1a supernovae 
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Image credit: http://
www.darkenergysurvey.org/
science/SN1A.shtml   

Perlmutter 2003 



Modern astrophysical sources 
(short) Gamma Ray Bursts (GRBs) 
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Nakar 2008 
 



Modern astrophysical sources 
(short) Gamma Ray Bursts (GRBs) 
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Modern astrophysical sources 
Kilonovae 
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Tanvir et al, Nature, 2013 



Modern astrophysical sources 
X-ray binaries  
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Modern astrophysical sources 
Binary and Millisecond Pulsars  
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Taylor and Weisberg 2005 Kramer et al 1998 



Modern astrophysical sources 
LIGO sources BNS BBH 
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Binary evolution 
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Image + credit http://www.sciencemag.org/content/304/5670/547/F1.expansion 
 



What about spins? 
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Frame of reference 

Cardiff University  
14 Gerosa et al 2013 

 



Post-Newtonian evolution 
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… and 
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Spin-orbit resonances 
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Initially: 
 
 



Models for black hole spin 
misalignment 

¤  1) Both aligned 

¤  2) Dynamically formed, isotropic distribution – remains 
isotropic  

¤  3) Both BHs aligned prior to the second supernova – 
equally misaligned afterwards - freely precess 

¤  4) Secondary aligned prior to the second supernova via 
tides, primary misaligned (as in Gerosa et al 2013) 
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Results in terms of these weird angles 
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What we might actually measure (1) 

¤  Parameter estimation using LALINFERENCE_MCMC 

¤  Inject and recover using PhenomP waveform model 
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What we might actually measure (2) 
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Double pulsar – messes this up 
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Farr et al 2011 



Conclusions/Future work 
 

¤  In general, spins in BBH may not be aligned with the orbital 
angular momentum following a second supernova, leading to 
precession of the spins 

¤  Spin-orbit resonances are effective in BBH systems with unequal 
misalignment angles, which may be true for astrophysically 
formed compact binaries 

¤  Resonances binaries are attracted to depends on the formation 
mechanism of the binary  

¤  Looking for clustering in these angles therefore can tell you 
about the compact binary channels 

¤  Runs currently ongoing – wish me luck! 

¤  Include some more physics, do some more work 
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