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[Image shows guide laser at Allgau Public Observatory in Ottobeuren, Germany. Credit: Martin Kornmesser]
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Gravitational what!?






96% of the Universe
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Gravitational VWaves

® A fundamental prediction of . S
general relativity ! sm
® Ripples of space-time that a

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

A. Freise



; Generation of GWs

The Claw, Dreamworld Australia Binary black hole merger




Sources of Gravitational VWaves

=

binary systems ® Any mass distribution that is
accelerated in a non-spherically

/‘ ’ symmetric way (waving hands,
: : _/ running trains, planets in orbit,...)

® Large masses necessary to get any
measurable signal

supernovae accreting stars

..
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pulsars




" Gravitational waves from merging black holes
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- Gravitational waves from merging black holes




& o Bobbing like a Cork ...
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And the big question:
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http://www.skyandtelescope.com
http://www.skyandtelescope.com




™
i.t\ Observing Gravitational VWaves:
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A L ~ L X h © Gravitational Waves | x

h =102 is tiny!!
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Interferometry in 1887

Michelson interferometer (ca. 1887)

Sensitivity:
0.01 of a fringe
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,i.t Interferometry in 1972
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= GV interferometry today

LIGO-Hanford Sensitivity:
(HI:4 km, H2:2 km) 0.000 000 000 00|

of a fringe
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World-wide Network
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LIGO India
(planned)

Virgo 3km

KAGRA 3km




The Emergence of a
New Science

22 IOP Lecture 18.02.2013
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The First Generation

o GEO,TAMA,Virgo, LIGO
® Proposed in the 1980ies

® Development of new technologies
® Detectors build in the 1990ies

® Development of even newer technologies

® Operation and data taking 2002-2010
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e GEO 600 (British/German)

[Credit: Albert-Einstein Institute / GEO 600]
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A GEO600 Mirror Suspension “¢5 5%

=

Mirror 7 L8

Fused Silica, 5.6kg
180 mm diameter
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! Virgo Main Optics

High quality

fused-silica mirrors
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Virgo Control Room (2003)
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Result?

® No gravitational wave yet!
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Upgrade of existing LIGO
- Start of operation >2015
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[Credit: LIGO Laboratory] =I5
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Michelson used his eye to measure the light,
this is how one photo detection port looks
today:

External bench

[Credit: https://wwwcascina.virgo.infn.it/]
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David Willetts, Minister
of State for Universities
and Science




Advanced LIGO is expected
to achleve fi rst detectlon’
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WMat shaLL we olo thew?




- Preparlng for Advanced LIGO

Commissioning and Simulation Workshop, LIGO Livingston 28.01.- 01.02.2013
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The Arm’ Cavity




The Arm’ Cavity
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| The "Arm’ Cavity




The Mirror Surface
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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.

H\\
IMX EMX

Beam shape inside
arm cavity
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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

gM) OpthS » Tools for detecting gravitational waves

CW LBOOX SIMULATIONS / CONTACT

FINESSE

(Frequency domain INterfErometer Simulation SotfwarE)

At GEO 600 we have created a fast and easy to use interferometer simulation. We want to design and debug laser interferometers with a
simple but powerful tool. We want to be able to simulate many different user-defined optical setups and we would like to playfully teach and
learn more about laser optics. Fixesst has a Jong pedigree and has benefited from years of real-Bfe employment by the optics groups of
gravitational wave detectors. While some of the code is ten years old we are committed to adapting the code to new challenges posed by new

types of interferometry in future projects, maintaining the code and the trust which has been bailt through years of testing against
experimental results,

-

Dewnload Simple Examples "esse Tools Gt the Scurce
Syntax Referesce Complex Examples i Documentation Luxor
User Forums Histoey and [mpact Changes Redmine page

Catting ctartad with Fivecer! Q

44
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Reflection from the Advanced LIGO pre-Modecleaner cavity, image by Kate Dooley






EINSTEIN TEL}

_ gravitational wave o




e
~ Large Infrastructure
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Infrastructure

A. Freise
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Science is a slow process
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