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Gravitational Wave Detected Twice

Presenter
Presentation Notes
With the detection of the gravitational waves by the Advanced LIGO, twice



Gravitational Wave Astronomy Born

Presenter
Presentation Notes
GWA was born and the era of Gravitational Wave Astronomy has begun.



Presenter
Presentation Notes
New baby needs shelter, food and clothing



Presenter
Presentation Notes
GWA needs hardware, data and software





Presenter
Presentation Notes
NSF incentive



The gravitational wave at the peak of the  signal The  principal mode of the wave in time

Numerical Binary-Black Hole Waveforms

Presenter
Presentation Notes
My previous experience



Hardware

Presenter
Presentation Notes
Workstation, cluster, Mickelson Wavemeter



Software



Data



Eloisa Bentivegna



Ian Hinder



Free Variables:
1. Separation
2. Mass ratio
3. Total Mass
4. Spins

Best Case Scenario

PN Variables:
• momenta

Caveat: 
• Only one solution 

for a circular orbit
• Fully GR problem, 

PN can only guess



http://www.livingreviews.org/lrr-2014-2

PN is Inevitable



http://www.livingreviews.org/lrr-2014-2

You Start with PN



http://www.livingreviews.org/lrr-2014-2

Know Your PN



Zach Etienne
Sasha Husa

Suffering is Optional



Serguei Ossokine



40 Mo

30 Mo

arXiv:1608.01940 [gr-qc]



Cosmic Relicts

Presenter
Presentation Notes
Born and collapsed together, as part of the first generation of stars in the early Universe. Current theories suggest that the seeds of these black holes were the result of either the growth and collapse of the first generation of stars in the Universe.



Cluster Rogues

Presenter
Presentation Notes
Collisions between stars in dense stellar clusters In these super-dense conditions, black holes can capture other black holes. Each interaction tends to cause the black hole binary to shrink, while the whole binary simultaneously gets a forward kick, which is usually strong enough to throw the binary right out of the cluster into intergalactic space. Their spin axes will be randomly oriented.



Galactic Captives

Presenter
Presentation Notes
Sling-shot interactions with other stars can also take energy from widely spaced binaries and also can create black hole binaries near the centre of galaxies. Time bombs. We call these systems co-evolved binary black holes: Co-aligned spin is the key signature.



Seeds in the Early Universe

Presenter
Presentation Notes
Current theories suggest that the seeds of these black holes were the result of either the growth and collapse of the first generation of stars in the Universe



A Failed Supernova

Presenter
Presentation Notes
direct collapse of extremely massive stars in the early Universea very high-mass star ends its life cycle by turning into a black hole without the usual massive burst of energy happening beforehand.
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