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[Image shows guide laser at Allgau Public Observatory in Ottobeuren, Germany. Credit: Martin Kornmesser]
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LIGO

Laser Interferometer Gravitational wave Observatory
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Laser Interferometer Gravitational wave Observatory



Gravitational what!?






96% of the Universe



Gravitational VWaves

A fundamental prediction of
general relativity

Ripples of space-time that
propagate at the speed of
light

Produced by large, compact
and relativistic concentration
of mass or energy

Stretch and squeeze space
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Einstein’s theory
of relativity







binary systems

supernovae pulsars accreting stars
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[Credit: http://www.skyandtelescope.com/]
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Detectlon!



Observing Gravitational VWaves:
Laser nterferometers
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LIGO-Hanford
(H1:4 km, H2: 2 km)
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0.000 000 000 001
of a fringe
or

0.001 size of a
nucleus






The Emergence of a
New Science
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GEO 600 (British/German)




A GEO600 Mirror Suspension

420mm

Mirror 2

Fused Silica, 5.6 kg
180 mm diameter
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GEO 600 control room (2001)




Virgo airial view
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[Credit: https://wwwcascina.virgo.infn.it/]
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Virgo Control Room (2003)
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Upgrade of existing LIGO
Start of operation >2015

[Credit: LIGO Laboratory]



Advanced Interferometry
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Michelson used his eye to measure the light,
this is how one photo detection port looks
today:

External bench
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[Credit: LIGO Laboratory]



[Credit: John James]



what shall we do then?



Commissioning and Simulation Workshop, LIGO Livingston 28.01.- 01.02.2013
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Beam shape distortions

Acceptance of mirrors from manufacturer: Computer model is used to
estimate the optical distortions due to the measured mirror distortions.
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Beam shape inside
arm cavity

A. Freise |IOP Lecture 18.02.2013



FINESSE: Open Source Simulation

« Started in 1997 and developed as my PhD side project, used
extensively worldwide

e Versions available for Windows, Linux and Mac OSX, open source,
download at www.gwoptics.org/finesse
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Reflection from the Advanced LIGO pre-Modecleaner cavity, image by Kate Dooley
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