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A new (abundant)
population



A new population
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Probability density
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Aligned vs Isotropic BH spin
distribution of the population

significance
Isotropic vs aligned

Events Orja | 014 | O1/4
((LOW” ltFIat!! ltHigh!!

GW150914 and GW151226 1.3 2.2 3.7

All O1 events 1.7 2.7 4.4

All O1 events and GW170104 | 2.4 3.6 54

e Data favour isotropic spin distribution or low spins
e During O3 this will be confirmed or overturned at (likely) > 50

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



Approximate posteriors
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6 models Of Xeff

Spin magnitude + either aligned or isotropically orientated spins
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Odds ratios

data always disfavour aligned vs isotropic distribution
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Mixture mode

peak always at 100% isotropic fraction
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GW150914, GW151226, GW1/70104, LVT151012
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e Median significance between most tavoured aligned
and most favoured isotropic model is at least 2.40
e But, in general, significance is > 50
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Formation channels”

|solated binary evolution Dynamical evolution
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... other more exotic ?

Published plots updated with GW1701014



Any viable formation scenario
needs to explain 3 main properties
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BBH foregrouna

oy —Flat, Mean
: . |Flat, Poisson
- |—Power, Mean

-~ |_IPower, Poisson
i —3-Delta

10101 — "102 | | 10
Frequency (Hz)




|_ocalising BBH
mergers
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LOCALIZATION AND

BROADBAND FOLLOW-UP
OF THE GRAVITATIONAL-WAVE
TRANSIENT GW150914

25 observing teams
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Binary neutron stars and
black hole-neutron stars



LImIts on merger rates

binary neutron stars

neutron star - black hole
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Really binary black
holes”
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(technical details in A. Ghosh et al, arXiv:0704.06784)



O2 Is ongoing



O2 livetime
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Total duration at sensitive distance [hours]
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Performance so far

[1164556817-1187733618, state: All]

20

40 60 80
Angle-averaged range [Mpc]

100

| H1
3|3 L1

LIGO network duty factor
B Double interferometer [44.8%)]
i Single interferometer [28.5%]
B No interferometer [26.6%]




Performance so far

LIGO binary neutron star sensitivity
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For comparison,
upper limit:
1.2 x 10> Mpc-3 yr-!
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Probability of observing more than N events
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The future



LIGO Upgrade Timeline
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one BBH coalescence every 15 minutes!



