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Introductory Video

https://www.ligo.caltech.edu/video/ligo20160211v1

Credit LIGO/SXS/R.Hurt and T. Pyle
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file:///home/mcculler/daylog/2016-04-02/compton_presentation/.%2Fligo20160211v1.m4v

Overview

e Gravitational Waves — their scale on earth

* Overview of the Instrument
- Spacetime -> light
* The limits of physical measurements
- Examples for light and sound
 The LIGO Detector
- Design
- Limits
- Effect on data
e Possiblilities for the future
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LIGO Hanford Observatory




2 LIGO Observatories, each with one laser interferometer
with 4 km arms

L

LIGO Hanford
Observatory
(Washington State)

LIGO Livingston
Observatory
(Louisiana)
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Observatory Network
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The Michelson Interferometer

A=1064nm

Interference
Power Meter Read OUt
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The Michelson Interferometer
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The Michelson Interferometer

A=1064nm
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Michelson Video

Video

C:\Users\mcculler\Desk
top\Presentation\ligo2
0160211v6.mA4v

https://www.ligo.caltech.edu/video/ligo20160211v6

Credit: LIGO/T. Pyle
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Michelson Video

https://www.ligo.caltech.edu/video/ligo20160211v6

Credit: LIGO/T. Pyle
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Spacetime Stretch
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Spacetime Strain
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Strain Waveforms

Phys. Rev. Lett. 116, 061102
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Hanford, Washington (H1) Livingston, Louisiana (L1)
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Advanced LIGO Sensitive Volume

Assuming representative rates for
this event:

~5 or more BBH events in the next
observing run (due to start later this

 Rate 2-400 BBH mergers each year
in a volume of 1 Gpc3 i1 818122 (2016)

* About 10 million galaxies per Gpc3

year).
« Advanced LIGO range now ~ 0.1 to
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On Measurement
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UChicago Compton Lecture

Roadside Guitars - Flickr: Tascam M-520

Q

Zoom! Enhance?

How far can you go?
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http://www.flickr.com/people/32742419@N04
https://commons.wikimedia.org/wiki/Flickr
http://flickr.com/photos/32742419@N04/3477814873
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On Measurement
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On Measurement

Sensor Noise

Turning up The volume only
Overcomes the sensor limits
of your ear

What about the limits of the machine?
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Fundamental
Noise

UChicago Compton Lecture

On Measurement

http://atom\aﬁmeﬁen£gm/
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The Michelson Interferometer

Each Photon gives 1064nm/21t
measurement

minimum measurable length b
variance from counting photons |

1
\/Nphotons

On; X

~10719 photons/s in
1 Watt (of 1064nm light)

Laser
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L1 Interference
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Advanced LIGO Noise

test mass
Strain Noise ( -

mirror)

h=AL/L

Advanced LIGO Design

UChicago Compton Lecture

100HZz 1kHz 10kHZz
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Frequency Dependence

image noise

Amplitude

Low frequencies Frequency Content
(large details)

High frequencies
(small details)
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Frequency Dependence

image noise

Amplitude

Low frequencies Frequency Content

(large details) High frequencies

(small details)
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Radiation

Advanced LIGO Noise
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Quantum
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10Hz

UChicago Compton Lecture

100Hz 1kHz 10kHz

McCuller, for LSC, Apr 2016
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Optical Layouts
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Optical Layouts
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Optical Layouts
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Advanced LIGO Noise

test mass
Strain Noise ( -

mirror)

h=AL/L

Advanced LIGO Design

UChicago Compton Lecture

100HZz 1kHz 10kHZz
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Optical Layouts
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Optical Layouts
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Advanced LIGO Noise

Molecular Fizz

Quantum

Thermal

10Hz

UChicago Compton Lecture
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UChicago Compton Lecture

Advanced LIGO Noise

Seismic Noise
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Phys. Rev. Lett. 116, 131103
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Isolation of the core optics
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The Quadruple
Pendulum

P1400177 - Advanced LIGO

Vertical
Isolation:
3 Stages of
Maraging
Steel Blade
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Steel suspension wires
leading to upper metal
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Isolation of the auxiliary optics
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Control Room in Hanford
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Phys. Rev. Lett. 116, 131103 = S6 run

1021, === 0O1 run
: == Adv. LIGO design |

=== Future upgrades
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Advanced LIGO: ways to do better?

* Mature technologies available to reduce quantum | v
noise and improve aLIGO sensitivity by ~35% beyond |
design

— Squeezed light =

A gravitational wave observatory operating beyond the quantum shot-noise limit | _ammm
Nature Physics 7, 962-965 (2011)

Enhanced sensitivity of the LIGO gravitational wave detector by using squeezed states of light

Nature Photonics 7, 613-619 (2013)

Audio-Band Frequency-Dependent Squeezing for Gravitational-Wave Detectors

Phys. Rev. Lett. 116, 041102 (2016)

= Cg
* Need to reduce other noise sources for maximal Z : :
beneﬁt: 72 m prot;type qu;nfum filter
— Reducing coating thermal noise as well can lead to a cavity @ MIT for frequency
. . . dependent squeezing
reduction in the noise by a factor of 2

Sl
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The Gravitational Wave Spectrum

Bl_-l and NS Bi.nariesf_f

Space detectors Ground interferometers
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LIGO Livingston Observatory LIGO Hanford Observatory

Thanks to:

www.ligo.org
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http://www.ligo.org/

