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 What happened 1n the Beginning?

e What are Gravitational Waves?

 What produces Gravitational Waves?
e How can we observe Gravitational Waves?

e How do we know what Gravitational Waves
look like?
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Dark Energy

Accelerated Expansion Afterglow Light
Afterglow Light
Pattern  Dark Ages Development of Pattern

400,000 yrs. Galaxies, Planets, etc. O 400,000 yrs.

Inflation

Inflation

1st Stars
about 400 million yrs.

Quantuil

Big Bang Expansion =
Fluctuations

13.7 billion years
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oSpace-time tells matter how to move

oMatter tells space-time how to curve

o Gravitational Waves: Ripples in the fabric of space-time

o Blac : The final fate in the collapse of matter
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BLACK-HOLE BINARY

® When two massive
objects, such as Black
Holes, interact
Gravitational Waves are
produced.
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Radio emission
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Magnetic fields

Radio emission Axis
of rotation
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® In 1974, Joseph H.
Taylor Jr. and Russell
A. Hulse discovered a
Binary Pulsar System

® This discovery earned
them the 1993 Nobel
Prize 1n Physics
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® Plus Polarization

® Cross Polarization
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Gravitational waves are the ideal tool for probing

Gravitational vs EM Ra

B
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® Because of differences
in EM and
Gravitational
Radiation, observing
GWs 1s very different
and so requires a
different kind of
astronomy

strong-gravity regions of spacetime (general relativity)

Gravitational waves have the potential to bring us
great surprises --- a “revolution” in our understanding
of gravity and the Universe
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® Several
Gravitational
Wave
Interferometers
began looking
for GW 1n
2002 and 2003
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Laser Interferometer Gravitational-wave Observatory

LIGO
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VIRGO Pisa, Italy
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Neutrino Detector

Super Kamvokande
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Fractional length or period change for detector
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4 Reasons why wm

what the signals look like 1n
advance

Justify the money spent on detectors

Understand what the GW observatories
are seeing

Test different theories of gravity

Observe new Astrophysical events
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 Few signals can be determined
analytically

e Numerical Simulations are needed

 Numerical Relativity is the science of
solving Einstein’s Equations numerically
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How

Basic Idea of Numerical Relativity
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— 3-hypersurface

Foliation of spacetime

Arnowitt-Deser-Misner, Lichnerowitz e L ;{(ab
3+1 split of spacetime Wy i

3G * 12first-order hyperbolic evolution equations.
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ECCENTRIC BINARY NEUTRON
STAR MERGERS:
A SIMULATION IN FULL GENERAL
RELATIVITY

* Ludwig Jens Papenfort (ITP, Germany)
* Luciano Rezzolla (ITP Germany)

COST Action MP 1340 ¢ WL = C Dst
Exploring fundamental physics Y L)AL ¥ EUROPEAN COOPERATION
with compact stars o IN SCIENCE AND TECHNOLOGY

(NewCompStar)
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e (Gravitational Wave physics 1s an important part of
modern physics

e There 1s currently a large international effort to
observe and study gravitational waves

e Numerical sitmulations are needed to get useful
information out of the observations
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