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Binary coalescence search
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Parameter Value Unit
Error

Primary black hole mass 36 J_ri Mo

Secondary black hole mass 29 J_rj Mo

Final black hole mass 62 J_rj Mo

Total radiated energy 3.0 tg'g \YPS
: : +0.05
Final black hole spin 0.67 ~0.07

Luminosity distance 410 Jjgg Mpc
Source redshift z 0.09 OIS




LIGO
General Relativity Tests

GW150914 is the first observation of a binary black hole merger...
... and thus is the best test of GR in the strong field, nonlinear regime
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LIGO
Astrophysical Implications

Merger rate of stellar mass BBHs implied by the detection: 2—400/Gpc3 yr
Most robust evidence for existence of ‘heavy’ stellar mass black holes: > 20 Mg
Most likely formed in a low-metallicity environment: <% Z, and possibly even <% Z

BBH formation in dense clusters is consistent with GW150914:
Clusters have typical metallicities less than Z; to form ‘heavy’ stellar mass BHs

Most mergers occur outside the clusters following dynamical BBH ejection
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Strain Noise (1/\/ Hz)
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Llﬁg Binary Neutron Star Merger Localization:
Hanford-Livingston-Virgo

3 site network
x denotes blind spots

S. Fairhurst, “Improved source localization with
LIGO India”, J. Phys.: Conf. Ser. 484 012007



http://iopscience.iop.org/1742-6596/484/1/012007

Llﬁg Binary Neutron Star Merger Localization:
Hanford-Livingston-Virgo-India

4 site network
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S. Fairhurst, “Improved source localization with
LIGO India”, J. Phys.: Conf. Ser. 484 012007



http://iopscience.iop.org/1742-6596/484/1/012007

Astrophysical Targets
for Ground-based Detectors

Coalescing ‘Bursts’
\ Binary Systems . Unmodeled
p* : \ * Well-modeled .
£ P i -galactic
%‘ (@; ~ +Neutron stars, asymmetric core
LA @ . Ir?gYegnaas’r?deL?gyBS collapse
£, . A ' y
- V \ .\‘-,;" ..C systems . S supernovae
\ v & { a4 * cOSMic strings
) ° 777
Credit: AEI, CCT, LSU Stochastic GWSs | Continuous
*Noise Sources
sIncoherent » Essentially
Monotone

background from
primordial GWs or
an ensemble of
unphased sources

* probe crustal

. « primordial GWs Y, - deformations,
NASA/WMAP Science Team unlikely to detect, L - equation of state,
but can bound in quarki-ness

the 10-10000 Hz
range

*Spinning neutron
stars

Casey Reed, Penn State
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The Gravitational-wave Spectrum
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J Supermassive Black Hole Binary Merger g
\ " Compact Binary Inspiral & Merger .\
\‘!-' Extreme Mass- ~ Pulsars,
Ratio Inseirals @ Supernovae
age of the Wave Period ‘
universe years hours , seconds l‘nilliseconds
|

10°% 10¢ 10+ 107
Wave Frebuency

= —
CMB Polarization




V|H§9) Advanced LIGO and the Dawn of Gravitational- .
waves Physics and Astronomy

 LIGO has made the first
measurement of
gravitational wave
amplitude and phase

A merging binary black hole
system has been observed
for the first time

« LIGO will resume the search
for gravitational waves in
the Fall of 2016; Virgo wil
joinin

* The next few years will be Stay Tuned. -

very interesting ones for the
field of gravitational-wave
science!
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