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2015 — 2016: First Observing Run

GW150914 and the birth of gravitational-wave astronomy



Advanced Interferometer Spectral Sensitivity
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2016 — 2017: Second Observing Run

Binary black hole astrophysics, an international network of interferometers, and
huge steps forward in multi-messenger astronomy
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GW170814

PRL 119, 141101 (2017/)
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The first three detector network
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— Mass ratio usually means second spin is unconstrained
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— GW searches do not include precession effects (could lead to
observational bias)
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Farr, et al. 2017 (Nature)

Assume various simple distributions of spin magnitude. Use these as
proxies for low, high, and flat. Using existing olbservations, infer a virtual
“population” giving rise to those distributions in effective spin.
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Farr, et al. 2017 (Nature)
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Zevin, et al. 2017 (ApJ)
Similar statistical procedure, but use mass distributions to determine how
many mass observations are required to confidently discern a given BH

natal kick prescription
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Zevin, et al. 2017 (ApJ)

Similar statistical procedure, but use mass distributions to determine how
many mass observations are required to confidently discern a given BH

natal kick prescription
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O2 Part 2

GW170817/GRB170817A, astrophysics with neutron stars
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Binary dynamics is Hinderer, et al.
affected by the EoS (2009) t
through the tidal | assnssspssmasnns BB 4
deformation of for 8 | =
neutron stars ' 3

...but is highly
subdominant...

enters into the
analytical phase

expression used by \ = 2/{:2R5
searches and “PE’ — 3 G
at O((v/c)19)

This is subordinate
to the masses, mass
ratio, spins, spin
Interactions, ...

Ko: Tidal Love number — encodes the
rigidity of the star

More on EoS in talk by J. Read
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O1 BNS / NSBH Upper Limits

ApdL 832, 2 (2016)
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http://iopscience.iop.org/article/10.3847/2041-8205/832/2/L21/meta

2019 and beyond: towards design sensitivity

Future of gravitational-wave binary astrophysics
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The Next ~5 Years
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The Next ~5 Years

Advanced LICO
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The Next ~5 Years

Advanced Virgo
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The Next ~5 Years

Advanced LICO
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‘ Detection Potential '
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source category full year VT

BBH / bbh_astrophysical_aligned 6.8 x 10® Mpc? yr
BNS /bns_mw_like 3.2 x 10° Mpc? yr
BNS/bns_broad 7.3 x 10° Mpc3 yr

NSBH / nsbh_broad_aligned 4.9 x 10" Mpc3 yr

NSBH / nsbh_broad_isotropic 5.7 X 10’ Mpc? yr
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The Next ~5 Years
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GW Signal Detection Primer
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Putative strain is embedded in detector noise — cross
correlate the model with the data to extract a signal-to-
noise ratio (SNR, p) statistic — this maximizes the arxiv: 1606.04856
likelihood (probability of signal vs probability of noise)



https://arxiv.org/abs/1606.04856
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GW Signal Detection Primer
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analytically for speed and
over masses/spins by brute
force (template banks)
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https://arxiv.org/abs/1606.04856
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Basic Terminology

_ observations: Putative strain from gravitational
d(t) o n(t) T h(t) wave is embedded in detector noise

S(|f|) — 25(]" _ f’) <ﬁ(f)ﬁ(f,)> Noise power spectrum: Autocorrelation

of the noise in the frequency domain —
“limiting factor” of the sensitivity of the
Instrument

( ‘b) = 9 ~ Zl*(f )b(f ) Noise weighted inner product: frequency-domain
a o S( f ) cross-correlation between two quantities
o0

Null Hypothesis (Ho): Data samples are Alternative Hypothesis (H4): data are
uncorrelated Gaussian noise with distributed as in null, after subtraction of the
variance proportional to S(f) signal model (h)

p(Hy) oc exp(—(d|d)/2) | p(H) < exp(—(d — hld— h)/2)
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" Inferred Rates / Probability of Astrophysical Origin

L = H Abgpbg(xi) + Afgpfg(aji) eXp(_Abg o Afg)
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https://arxiv.org/abs/1302.5341
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Inferred Rates / Probability of Astrophysical Origin

Obtain probability of A
astrophysical origin by Pastro (T|T;) = / dAfgdAbgA fgpfgj(\x) p(Agg, Apg ;)
marginalizing against the i5Pig() + AbgPrg ()
counts
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Astrophysics Implications

Metallicity
120 :-. ===1.0E-4 .= . =-2.0E-4 5.0E-4
1.0E-§ =--+ 2.0E-3 7=---- 4.0E-3
---------- 6.0E-3 --=-=-1.0E-2 ——2.0E-2
100 +
ey
=
g 60 -
=
40 - i o
20 - —
0 T T T T T T T T T
20 40 60 80 100
MZAMS ( M )
107
- = -05:2020-22
= Fiducial
- - -AltSFR
§ LongDelay it
LowMass sl
LowMetallicity 2
—g || ConstRate K4
10 ~ | 2¢FlatDelay s
[_JPoisson K

Timeline
OMyr | a=995 Ro
ZAMS
6.7 Myr —+ a=1600 Ro
7.0 Myr— a=1760 Ro
Prior to CE
8.7 Myr a=1760 Ro
After CE
B.7 Myr a=2.6 Ro

! 1(')2
Frequency (Hz)

Ap. JL. 122 2016



https://iopscience.iop.org/article/10.3847/2041-8205/818/2/L22

