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What Is a gravitational wave?
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.OK, I'll try to keep it simplel
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A gravitational wave Is a
propagating disturbance of the
spacetime

Einstein’s General Relativity

The spacetime geometry is continuously distorted by
the presence of mass (=energy).

-

When masses move rapidly, the spacetime becomes
stirred by their motion: ripples start travelling outward -~ "7 &
with the speed of light ‘N w{m
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What Is the effect of a gravitational
wave?

-
We will experiment on

a graduate student
(Mr. Jun-Qi Guo)
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Sources of gravitational waves

¢ Coalescing binary neutron stars
or black holes

¢ Spinning neutron stars

¢ Gravitational bursts
(e.g. supernovae)
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¢ Big bang gravitational echo



Sources of gravitational waves

¢ Coalescing binary neutron stars
or black holes

¢ Spinning neutron stars \
¢ Gravitational bursts ':j

(e.g. supernovae)

¢ Big bang gravitational echo
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Sources of gravitational waves

¢ Coalescing binary neutron stars y
or black holes

¢ Spinning neutron stars

¢ Gravitational bursts
(e.g. supernovae)

¢ Big bang gravitational echo o
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Sources of gravitational waves

¢ Coalescing binary neutron stars
or black holes

¢ Spinning neutron stars . *\
. .
¢ Gravitational bursts | R
(e.g. supernovae) .o
¢ Big bang gravitational echo A
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Sources of gravitational waves

¢ Coalescing binary neutron stars
or black holes

¢ Spinning neutron stars

¢ Gravitational bursts
(e.g. supernovae)

¢ Big bang gravitational echo Picture credit: NASA/WM
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How do we know that
gravitational waves exist?

Indirect detection: slow down of 3
a binary pulsar ‘ &y
R. Hulse J. Taylor
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John Rowe Animation/Australia Telescope National Facility, CSIRO P\
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Merger of a binary black hole system
(equal-mass, unequal-spin black holes)

Time = 0.00M

(Picture credit: L. Rezzolla, Albert-Einstein Institute, Golm, Germany)
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Merger of a binary black hole system
(equal-mass, zero-spin black holes)
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(Courtesy of L. Rezzolla, Albert-Einstein Institute, Golm, Germany)
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What is LIGO?
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A way to answer Is to use the most incredible
scientific tool of the new millennium:
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Input
Beam
(Laser)
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LIGO Is an interferometer
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Core optic
suspensions
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DMT Viewer — /data/dtt/55/5eis—blrms=ml

¢ Cars and trucks

Velocity (um/s)

¢ Airplanes

Guralp 3 - 10 Hz

¢ Sea waves

Velocity (um/s)

¢ Earthquakes...
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