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A new (abundant) 
population



A new population

• Masses 

• Rates 

• Spins



Masses



Rates
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9 - 240 Gpc-3 yr-1 ——> 12 - 213 Gpc-3 yr-1



Spins



Aligned vs isotropic BH spin 
distribution of the population

W. Farr, S. Stevenson, C. Miller, I. Mandel, B. Farr & AV, arXiv:1706.01385, Nature in press

significance 
isotropic vs aligned

• Data favour isotropic spin distribution or low spins 
• During O3 this will be confirmed or overturned at (likely) > 5σ



Approximate posteriors



6 models of χeff
Spin magnitude + either aligned or isotropically orientated spins 



Odds ratios
data always disfavour aligned vs isotropic distribution



Mixture model
peak always at 100% isotropic fraction



GW150914, GW151226, GW170104, LVT151012  
+ 10 detections drawn from orange population

aligned

isotropic

• Median significance between most favoured aligned 
and most favoured isotropic model is at least 2.4σ 

• But, in general, significance is > 5σ

flat high low



Formation channels?

… other more exotic ?

Isolated binary evolution Dynamical evolution

Rodriguez, Zevin, Pankow, Kalogera 
& Rasio, ApJ 832, L2, 2016 

Stevenson et al,  
Nature Comm. 8, 14906 (2017) Pu
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Any viable formation scenario 
needs to explain 3 main properties

• Masses 

• Rate: 12 - 213 Gpc-3 yr-1  

• Isotropic spin distribution or 
low spin magnitude

100 101 102 103

R (Gpc�3 yr�1)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

R
p(

R
)

Flat

Event Based

Power Law



BBH foreground



Localising BBH 
mergers



230 deg2 (90%)

850 deg2 (90%)

1200 deg2 (90%)

1600 deg2 (90%)
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Initial GW
Burst Recovery

Initial
GCN Circular

Updated GCN Circular
(identified as BBH candidate)

Final
sky map

Fermi GBM, LAT, MAXI,
IPN, INTEGRAL (archival)

Swift
XRT

Swift
XRT

Fermi LAT,
MAXI (ongoing)

BOOTES-3 MASTER Swift UVOT, SkyMapper, MASTER, TOROS, TAROT, VST, iPTF, Keck,
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25 observing teams 
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Binary neutron stars and 
black hole-neutron stars
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Limits on merger rates
neutron star - black holebinary neutron stars
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1.2 x 104 Gpc-3 yr-1 (90%) 3.6 x 103 Gpc-3 yr-1 (90%)



Really binary black 
holes?



modelled vs un-
modelled waveform 

reconstruction
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(technical details in A. Ghosh et al, arXiv:0704.06784)



O2 is ongoing



O2 livetime

May commissioning break

O2 resumed



Performance so far



Performance so far

For comparison, 
upper limit: 

1.2 x 10-5 Mpc-3 yr-1



Virgo is coming on-line now



Sky resolution

Gaebel & Veitch 
arXiv:1703.08988, 
CQG submitted

183 ± 34 deg2

8 ± 5 deg2

34 ± 8 deg2
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The future



one BBH coalescence every 15 minutes!


