Cosmic Ripples: LIGO’s Search for
Gravitational Waves



LIGO A

What is a Gravitational Wave?

Space tells matter how to move.
Matter tells space how to curve.
— John A. Wheeler

http://en.wikipedia.org/wiki/Image:Spacetime_curvature.png
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LIGO
What is a Gravitational Wave?

« Change in matter distribution = Change in curvature
* Propagating change in curvature = A Gravitational Wave
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LIGO A

What is a Gravitational Wave?

Animation from http://www.ligo-la-caltech.edu/Posters/index.php
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LIGO A

Gravitational Waves are Small!

AL
2L

Gravitational Waves Measured 1n Strain h

h . ~107

AL = 2D, (10%) ~1x10*

April 13, 2006 Hope Physics Seminar S
G070102-00-Z



Lico How Do We Know Gravitational @
Waves Exist?

http://nobelprize.org/nobel_prizes/physics/laureates/1993

In 1974, Russell Hulse and Joseph
Taylor discover a new pulsar
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LIGO A

The Hulse-Taylor Binary Pulsar

http://arxiv.org/abs/astro-ph/0407149
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LIGO LIGO - the Laser Interferometer @
Gravitational-wave Observitory
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A Network of Gravitational Wave
Detectors
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LIGO

Target Sources

« Binary neutron star inspirals and binary black hole inspirals
e Spinning neutron stars
« Bursts from supernovae etc

« Stochastic background from indistinguishable sources and/or
the creation of the universe

http://hubblesite.org/gallery/album/entire_collection/pr1996023a/

http://www.jb.man.ac.uk/research/pulsar/doublepulsarcd/
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LIGO

Current Status

« LIGO is taking data right now!
* Goal: One year of data at design sensitivity

Best Strain Sensitivities for the LIGO Interferometers
Comparisons among S1 - S5 Runs  LIGO-G060009-02-Z
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LIGO LIGO Upper Limits on Gravitational @
Waves

* Neutron star inspirals (gr-qc/0505041)
LIGO Limit = 47 year -1 MWEG-! Expected = 1.9 x10-4 year -1 MWEG-!

(gr-qc/0608280) _
+ Black hole (between 3 and 20 solar masses) inspirals
(gr-qc/0509129)
LIGO Limit = 35 year -1 MWEG-! Expected = 10-4 year -1 MWEG"!
+ Spinning neutron stars _ETTTTT T TR |
(gr-qc/0410007) < s B bt — e desectyor |
é U TN L T ) O st onsis s S
g 10k
z 107
£ 1o ——
R LI T OSSR ROORIY: SPRPppY
C 107 '
April 13, 2006 Hop 07 . j
10

G070102-00-Z 10 Frequency (Hz)



LIGO

LIGO @ Andrews
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LIGO

LIGO @ Andrews

« Waveform Recovery

Strong Hardware Injection Data
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LIGO
Other LIGO Opportunities

« Summer Research Opportunities

» LIGO REU
http://www.ligo.caltech.edu/LIGO web/students/undergrads.html

 Join the Search for Gravitational Waves
» Einstein@Home  htip://einstein.phys.uwm.edu/

 Learn More about LIGO

» LIGO website http://www.ligo.caltech.edu
» Einstein’s Unfinished Symphony by Marcia Bartusiak
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