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No hair theorem

Black holes have:
1. Mass
2. Spin

3. Electric charge

Image: Matt Groening



Effective inspiral spin

C Sl SQ A

eff — | - L
Xeft GM (111 o

Most important combination of spins for evolution of
inspiral (arXiv:0909.2867, 10056.3306)
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We have gravitational-wave
observations of binary black holes

Gravitational-waves provide some
constraints on black hole spins
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arXiv.org > astro-ph > arXiv:1703.06873

Astrophysics > High Energy Astrophysical Phenomena

Hierarchical analysis of gravitational-wave measurements of binary black
hole spin-orbit misalignments

Simon Stevenson, Christopher P L. Berry, llya Mandel
{Submitted on 20 Mar 2017)

Black hole binaries may form bath through isolated binary evalution and through dynamical interactions in dense stellar environments.
Curing the formation and evalution of isolated binaries several processes can alter the orientation of the black hale spin vectors with
je through the emission of gravitational radiation
ational waves fram these systems directly encode
nstrained. Identifying sub-populations of spinning
ially shedding light an the ratio of dynamically

pdelled under a range of assumptions. We then
f these populations. We show that with tens of
scing binary black holes based on their spin
alescing binary black hales with isatropic spin
WE0% . Meanwhile, only ~ 5 abservations are
sufficient ta distinguish between extreme models---all binary black holes either having exactly aligned spins or isotrapic spin directions-
--if all black holes are rapidly spinning (y ~ 0.7).

Comments: 11 pages, 8 figures. Submittied to MNREAS
Subjects:  High Energy Astrophysical Phenomena (astro-ph.HE)
Cite as: arXiv:1703.06873 [astro-ph.HE]

(or arXiv:1703.06873v1 [astro-ph.HE] for this version)
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N = 40 Observations

A

A3

i

g s |
7 A ! ! !

<f
~<

o, 0 0 o0 o.0 0 _ o0 o.0 0 _ o
2,0, 05 0y %y Q5 0, 05 0g <y O 0, 0p 0 4,

Stevenson, CPLB & Mandel A%

arxXiv:1703.06873

A2 A3 A4



N = 80 Observations
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N = 160 Observations
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Mapping the posterior is difficult
(Veitch et al. arXiv:1409.7215)
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p(d|0) o< exp | == (hi(0) — di|hi(0) — d)
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Waveform
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Waveforms introduce theoretical error (arXiv:0707.2982).
Mitigated using Gaussian processes (arXiv:1509.04066).
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(mma)3/?

(m1 + mg)/>

Mc:

Chirp masss gives leading-order amplitude and phase
evolution (Sathyaprakash & Schutz arXiv:0903.0338)
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