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Event Horizon Telescope
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The Gravitational Wave Sky?

Gravitational Wave:

Messenger of the gravitational field

Generated by ~acceleratéc
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Masses in the Stellar Graveyard

in Solar Masses
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: LIGO-Virgo Neutron Stars . ’

The LIGO Orrery
GWTC-2 plot v1.0

LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern


https://www.ligo.caltech.edu/LA/video/ligo20181203v1

Open Question: How did these form!?

‘Field’? ‘Dynamically’? ‘Other’?

Work being carried out at the NBIA by:
D. D’Orazio, J. Samsing, B. Liu, A. Vigna-Gomez, Sophie Schrgder, +
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Dynamical Formation in Gas Disk (AGN channel)




“lectromagnetic Sky: Conventional Astronomy
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gamma ray X-ray ultraviolet  visible iInfrared  microwave radio
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The Gravitational Wave Spectrum

Detectors

The Gravitational Wave Sky
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CMB Polarization Radio Pulsar Timing Arrays Space-based interferometer Terrestrial interferometers [}
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The Gravitational Wave Spectrum

Detectors

The Low Freguency Gravitational VWave Sky
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- LISA

Laser Interferbmeter Space Antenna

Planned Launch: 2034



Pulsar Timing Arrays:
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The Gravitational Wave Spectrum

Detectors

The Low Freguency Gravitational VWave Sky
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Black Holes In the Universe

Stellar Mass Black Holes Supermassive Black Holes

~100 Thousand to 10 Billion
Solar mass black hole
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Merger of two: Merger of two:
High frequency GWs, LIGO Low frequency GWs, LISA and PTAs



GALAXIES MERGE, BUT DO THE BLACK HOLES (AND HOW)?

Step 1: Galaxy merger
forms a supermassive black o
hole binary

Step 2: ./

Open Question:
How do supermassive black hole binaries
get close enough to merger? Do they?

T ,‘ .j “ ‘.\ ‘1 Iﬂ
Step 3: Gravitational Waves
merge the supermassive
black holes



GALAXIES MERGE, BUT DO THE BLACK HOLES (AND HOW)?
HOW DO/\(I\VE FIND OUT?

-~ Step |: Galaxy merger
forms a supermassive black T
hole binary

© Step 2: /7
Work at the NBIA:

Understanding binary+gas interactions

et

- Step 3: Gravitational Waves
merge the supermassive
black holes



GALAXIES MERGE, BUT DO THE BLACK HOLES (AND HOW)?
HOW DO WE FIND OUT?

/ AN

Population Predictions Discovery in EM spectrum

How does gas affect the orbit How does the accretion of gas
and drive the black holes to merge? make the binary EM bright?
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SUMMARY
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© Multi-messenger Astrophysics: Gravitational waves have opened a
new window to the gravitational universe that must now be paired
with our picture of the electromagnetic universe

© LIGO has detected mergers of stellarr-mass black holes — We are
tackling many open questions about their origin

“ A new part of the gravitational wave sky Is about
to be opened now and Iin the next two decades
with LISA and the Pulsar Timing Arrays

“ These low frequency gravrtational waves will teach us
about the supermassive black hole binaries

“ We are preparing for this coming era by advancing
theoretical understanding of supermassive black hole
binary paring and merger




*What Electromagnetic and Gravitational VWave observables\can we
predict and use'itc“)i'ﬂ'rjsthe answers?
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