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The binary black hole family
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Binary black hole signals
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Video: Caltech-Cornell







Binary black hole signals
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Chirp mass
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Chirp masss gives leading-order amplitude and phase
evolution (Sathyaprakash & Schutz arXiv:0903.0338)
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No hair theorem

Black holes have:
1. Mass
2.Spin

3. Electric charge

Image: Matt Groening
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Effective inspiral spin
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Most important combination of spins for evolution of
inspiral (arXiv:0909.2867, 10056.3306)
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Data release 2015, HL 2016, HLY # 2013, recoloured Show/hide columns -

The First Two Years of Electromagnetic
Follow-Up with Advanced LIGO and Virgo

T TR www.ligo.org/scientists/first2years/
asd.gsfc.nasa.gov/Leo.Singer/going-the-distance/

arXiv:1404.5623 arXiv:1411.6934

Datarelease 2015 HL 2016, HLV ﬁzmﬁ. recoloured  Show/hide columns =

Catalog of simulated events and sky maps for two-detector, HL, 2015 configuration. This is the same configuration as the 2015 tab, except that the

This web page pr simulated detector noise is data from initial LIGO's |§ sixth science run, recoloured (fittered) to have the same PSD as the early Advanced LIGO
additional online 1 configuration. See also ASCII tables of & simulated signals, & detections, and & parameter-estimation accuracies in Machine Readable Table
format.
related to the pap
i SNR BAYESTAR LALINFERENCE_NEST sky maps

Two Years of Elei event sim work - v map
Follow-Up with Ac ID ID net H L 50% 90% searched 50% 90% searched BAYESTAR LALINFERENCE_NEST
and Virgo" and th : //’ > /
paper "Parametel 4532 899 HL|139|101| 95| 180| 750 190 | 170 | 790 150 T \ e e N L A WA
for Binary Neutrol '
Coalescences wit a7

4572 | 1243 HL 132 100 &7 230 830 45 200 920 33 T

4618 1768 HL| 108 | 80| 7.2| 160 | 540 220 130 440 280

4647 1964 HL 124 86 9.0 260 890 1200 180 780 780 \ £

4711 2704 HL 107 8.0 7.1 370 1200 300 430 1600 520 / 1 \_ / b Wiy



Gravitational wave observatories
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. LIGO

50

40
: o o/
X-Ray Studies eW150914 Q‘J ‘
Lo
o

Solar Masses

20

GW170104

10 —9-0- 09 © ~
TYX XX LVT151012
.......' GW151226

0

Credit: LVC



LVC
arXiv:1602.03846
Belczynski et al.
arXiv:0904.2784

1\/Ibh,max [MG]

80

70

60

50

40

30

20

10

Weak wind

------------------
L d

L d
-
-
____________

Strong wind

0.1
Z/Z.



Types of Interactions
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arXiv.org > astro-ph > arXiv:1706.01385

Astrophysics > High Energy Astrophysical Phe

Distinguishing Spin-Alighed and Isotropic Black Hole Populations With
Gravitational Waves

WIll M. Farr, Simon Stevenson, M. Coleman Miller, llya Mandel, Ben Farr, Alberto Vecchio
(Submitted on & Jun 2017 (W1), last revised & Jun 2017 (this version, vZ))

The first direct detections of gravitational waves from merging binary black holes open a unigue window into the binary black hole
formation environment. One promising environmental signature is the angular distribution of the black hole spins; systems formed
through dynamical interactions among already-compact objects are expected to have isotropic spin orientations whereas hinaries
formed from pairs of stars born together are more likely to have spins preferentially aligned with the binary orbital angular
momenturn. We consider existing gravitational wave measurements of the binary effective spin, the best-measured combination of
spin parameters, in the four likely binary black hole detections GW150914, LVT151012, GW151226, and GW170104. If binary black
hale spin magnitudes extend to high values we show that the data exhibit a 2.4e (0.015 odds ratio) preference for an isatropic
angular distribution over an aligned one. By considering the effect of 10 additional detections, we show that such an augmented data

set would enable in most cases a preference stronger than 5o (2.9 X 1077 odds ratio). The existing preference for either an
isatropic spin distribution or low spin magnitudes for the observed systems will be confirmed (or overturned) confidently in the near

future.
Comments: 32 pages, 9 figures, code and docum
Subjects: High Energy Astrophysical Pheno
Report numhber; LIGO-P1700067
Cite as: arXiv:1706.01385 [astro-ph.HE]

(or arXiv:1706.01385v2 [astro-ph.H



We have observed a family of binary
black holes
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Ranges

Table 1 Plausible target detector sensitivities. The different phases match those in Figure 1. We quote the
range, the average distance to which a signal could be detected, for a 1.4 M +1.4 M, binary neutron star
(BNS) system and a 30M,+30M, binary black hole (BBH) system.

LIGO Virgo KAGRA

BNS BBH BNS BBH BNS BBH
range/Mpc  range/Mpc  range/Mpc  range/Mpc range/Mpc  range/Mpc
Early 40-80 415-775 20-65 220-615 8-25 80-250
Mid 80-120 775-1110 65-85 615-790 25-40 250-405
Late 120-170  1110-1490 65-115 610-1030 40-140 405-1270
Design 190 1640 125 1130 140 1270

LVC arXiv:1304.0670
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p(d|0) o< exp | == (hi(0) — di|hi(0) — d)
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p(d|f) o< exp |—
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Stevenson, CPLB & Mandel
arXiv:1703.06873
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Normalised likelihood

Unnormalised log likelihood

Waveforms introduce theoretical error (arXiv:0707.2982).
Mitigated using Gaussian processes (arXiv:1509.04066).
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