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How does a black hole binary form?

Core collapse SN / direct collapse to a BH
* Mass prior to core collapse: determined by
stellar winds
* Explosion mechanism
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I How does a black hole binary form?

Core collapse SN / direct collapse to a BH
* Mass prior to core collapse: determined by
stellar winds
* Explosion mechanism

Evolution of stellar binary

Remnant mass =f(stellar mass, metallicity, rotation)
e Common envelope
Other channels:
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* Dynamic binary formation in dense stellar clusters
* Primordial black holes
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How to study BH formation with GW?

What we can observe:

- Masses
© Spins
<~ Redshifts

What we need to constrain:
- Black hole formation scenario

~ Specific model parameters
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How to study BH formation with GW?

[Abbott et al. (2016)]

What we can observe:
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BBH formation rates

Population synthesis codes with different prescriptions for stellar winds:

Number

Number

[Giacobbo et al. (2017)]
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BBH formation rates

Birth times of GW150914-like progenitors across cosmic time [Belczynski et al. (2016)]
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BBH merger rates

Remnant mass = ﬁstellar mass, metallicity, rotation)| == Galaxy evolution model

Name SN o’ A HG  Kick
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-ing the host galaxies of GW events

Remnant mass = f(stellar mass, metallicity, rotation) =4 Galaxy evolution model

[Schneider et al. (2017)]
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[Lamberts et al. (2016); ID et al. (2016); Hartwig et al. (2016); Schneider et al. (2017);
Elbert et al. (2017); Cao et al. (2018)]



-g the host galaxies of GW events
Remnant mass = ﬁstellar mass, metallicity, rotation) =4 Galaxy evolution model

Studying the host galaxies of GW events

[Lamberts et al. (2016)]
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Constraining black hole formation with GW observations

Semi-analytic model [Daigne et al. (2006); ID et al. (2015)]

— —Fryer et al. (2012) [ID et al. (2016)]
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Constraining black hole formation with GW observations
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Constraining black hole formation with GW observations

Detection rates Log[l\/IO'2 yr'1]
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Constraining black hole formation with GW observations

Detection rates Log[l\/IO'2 yr'1]
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Constraining black hole formation with GW observations
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Constraining black hole formation with GW observations
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_tional-wave background

f d’n dE
Gravitational-wave signal from unresolved sources: 2, (f) = dM_.d
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IStochastic gravitational-wave background

Anisotropic background: [In analogy with the cosmic infrared background]

Energy density in gravitational waves at each point in the sky: Q(f,0) =02.(0) (fff)
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Stochastic gravitational-wave background

First predictions of anisotropic background from binary BH mergers:

Anisotropic part: 6., (e,v,)
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Conclusions

Future work:
* Predictions for binary BH merger rates
* Include predictions for X-ray binaries
* Add neutron star formation rates
* NS-BH
* NS-NS

* Stochastic background anisotropies
* Dependence on astrophysical and cosmological models

* Include NS-NS

* Need more detections and more sophisticated analysis tools!
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Future work:
* Predictions for binary BH merger rates
* Include predictions for X-ray binaries

* Add neutron star formation rates
[Chruslinska et al. (2017):
* NS-BH inconsistencies between BBH and
+ NS-NS BNS merger rates]

* Stochastic background anisotropies
* Dependence on astrophysical and cosmological models
* Include NS-NS

* Need more detections and more sophisticated analysis tools!



