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O1 GWTC-1 GWTC-2

3 BH+BH
astro-ph 1606.04856

10 BH+BH, 1 NS+NS
astro-ph 2010.14527

46 BH+BH, 2 NS+NS, 2 ?  
astro-ph 2010.14527

Sources observed to date



3

Sources observed to date

Detectors are strongly biased towards 
higher black hole masses. If BH mass 
function is similar to stellar mass 
function they nearly compensate.

Biggest surprise is the apparent lack 
of more massive BHs in the data, 
potentially indicative of the existence 
of exotic pair-instability SNe.

Fishbach & Holz (2017)
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Sources observed to date

For comparison to formation models, one needs to understand intrinsic 
properties of the population. These are inferred from the observed 
population by a Bayesian analysis that accounts for the detector biases 
and uses parametrized distributions. 
(astro-ph: 2010.14533)
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Sources observed to date
Parametrized models indicate the apparent 
preference for more massive BHs is biased.

Indications that the volumetric BBH merger 
rate increases with redshift.

Between 12% and 44% of BBHs have a 
counteraligned spin.





In the standard evolutionary picture, massive 
stars can grow to radii of ~1000 Rsun, yet we 
need them in orbits <~100 Rsun for GWs to 

operate efficiently. 
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Dynamical formation

Sigurdsson & Hernquist 1993
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Dynamical formation

Rodriguez et al. (2016a)

Higher mass and smaller clusters produce harder binaries
- spins expected to be misaligned with orbits

- Potential for second generation mergers
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Chemically homogeneous evolution

Mandel & de Mink (2016), Marchant et al. (2016)
More recent: du Buisson et al. (2020), Ryley et al. (2021)
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Chemically homogeneous evolution

Mandel & de Mink (2016), Marchant et al. (2016)
More recent: du Buisson et al. (2020), Ryley et al. (2021)

- Large (chi_eff>~0.3) aligned spins
- Potentially a large number of near unity mass ratio systems
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Common envelope evolution

Paczynski (1976), van den Heuvel (1976),
Tutukov & Yungelson (1993)

- Preference for mass ratios >~0.5
- possibility for one of the BHs to have a large spin (cf. Bavera et al. 2020)
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van den Heuvel (2017), Marchant et al. (2021)

Stable mass transfer

- Standard binary evolution estimates might significantly overestimate the 
contribution from the CE channel, with stable mass transfer being dominant
- General expected properties still under study (see Bavera et al. 2021).
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This is not even a comprehensive list of channels. And most channels predict 
rates comparable to the observed one. How do we disentangle their relative 
contributions?

How do we disentangle this?

Current attempts doing Bayesian inference to disentangle relative fractions 
(cf. Zevin et al. 2021). Large uncertainties, important caveats, but if anything 
the community is mostly convinced that there is more than one channel in 
operation.
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Want to know more?

Really a good review for both parts of 
today's lecture.
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Want to know more?

Mandel & Farmer (2018), plenty of information on the formation 
of merging binary black holes.
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Want to know more?

Current status of GR tests done with LIGO data. At the moment 
there are no inconsistencies found (astro-ph:1903.04467).
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Want to know more?

Hubble constant measurements, not yet 
useful to sort out the discrepancy on the 
measurement of the Hubble constant but 
will be competitive in the coming decade.
(astro-ph: 1710.05835).

See also Farr et al. (2019) for a different 
method to use GR signals as standard 
sirens (astro-ph:1908.09084). 
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Want to know more?

Smartt et al. (2017), on the observation of 
the electromagnetic counterpart to 
GW170817.

astro-ph: 1710.05841
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Want to know more?

Second catalogue of GW transients, GWTC-2 
(astro-ph: 2010.14527)

Inferred population properties from GWTC-2
(astro-ph: 2010.14533)


