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How empty is vacuum?



(Stellar-mass) binary black hole environments

- Several formation mechanisms involve environments
(DF in AGN disks [Tagawa et al, 19], dynamical fragmentation [Loeb, 16], )

- EM counterparts (?)
(GW150914 [Connaughton et al, 16], GW170104 [Verrecchia et al, 17])

- Environments are ubiquitous
{pom ~ (107%,107™°), pisk ~ (107°,0.1), psiar 2 10"} [g/cm’]

- GW waveforms are modified
(GR magneto-hydrodynamic simulations [Noble et al, 12; Fedrow et al, 17])



GR hydrodynamic simulations (GW150914)
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Can we simplify the modeling?




Inspiral PN phase coefficients
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What does the data tell us?




Environment (Bayesian) parameter estimation

- Parametrized deviation to vacuum-GR at -5.5 PN:

W =27fte — e — T+ Sopy [®k + Prilog(VV)] V2 + v
w/v= (wa)%

- TIGER pipeline for Bayesian inference (same as ‘tests of GR’) with
waveforms IMRPhenomPv2

- GW150914 (M; ~ 35Mw, My &~ 30Mq, SNR = 24)
- GW151226 (Mq & 14.2M@, M, = 7.5Mw, SNR =~ 13)

- GW170814 (M4 = 30M@, My =~ 25Mg, SNR =~ 18)



Marginalized posteriors of ®_;
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At radius ~ 1000 km a presupernova star has p ~ (107,10°) gcm?



Vacuum vs Environment (Bayes factor)
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Final remarks

- Environment affects GW emission through DF (dephasing)

- Inspiral PN phase coefficients (-5.5 PN for DF) provide an efficient [and
accurate(?)] model

- Bayesian inference to constrain the PN phase coefficients and, so, the
evinronment parameters (as of now, we've applied it only for GWTC-1)

- At moment, data strongly favors vacuum over environment (and most
events constraint p < 10" gcm™3)

- What's the constraining power of LIGO-Virgo (at design sensitivity)?
- Impact of more informative prior?

- GW170817 (NS-NS) has very large # cycles and SNR... what's its
constraint?



PN phase coefficients vs simulations [Fedrow et al., 2017]
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