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SCHEMATIC INTERFEROMETRIC DETECTOR
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Stellar Atmospheres
Interstellar Gas
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Supernova Core
Binary Black-Holes

Interaction With Dispersion, Negligible in terms of
Matter Absorption Propagation
Examples of "Primordial” "Primordial’
Interaction Radiation From Radiation From

T =100 yrs =10 sec

Electromagnetic
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Gravitational
Detectors Are
Omnidirectional

Consequences

« Great Uncertainty About GW Sources, Either in
Strength or Frequency of Occurrence

* Many (Most?) Gravitational Wave Sources May
Never Be Seen Electromagnetically

* Potential For Great Surpriseé!
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GW Information Obtained
by Waveform Analysis

« Almost All Electromagnetic Astronomy Is Based on
Spatial or Spectral Analysis

« Extraction of Information From Gravitational Wave
Depends on Waveform Analysis
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Laser Interferometer Gravitational-
Wave Observatory (LIGO)

 Two Sites, Widely Separated,
Operating as a Single Observatory

« Each Site Has 4 km Long L-S:haped Vacuum System
Housing a Full-Length Interferometer

« One Site has Mid-Stations F'dr Half-Length
~ Interferometer

« Can Be Upgraded to Support Subsequent
Generations of More Sensitive Detectors
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LIGO SITES

HANFORD, WASHINGTON

- LOCATED ON U.S. DOE RESERVATION
- TREELESS, SEMI-ARID HIGH DESERT
- APPROX. 25 KM FROM RICHLAND, WA (POPULATION :140,000)

LIVINGSTON, LOUISIANA

- LOCATED IN FORESTED RURAL AREA
- MIXED FOREST; LOW-LYING; POOR DRAINAGE
- APPROX. 50 KM FROM BATON ROUGE, LA (POPULATION :450,000)

\ CALIFORNIA INSTITUTE OF TECHNOLOGY
MASSACHUSETTS INSTITUTE OF TECHNGLOGY



SCHEMATIC INTERFEROMETRIC DETECTOR
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INITIAL INTERFEROMETER DESIGN
PERFORMANCE GOAL

INITIAL INTERFEROMETER SENSITIVITY
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Displacement Sensitivity of Caltech 40 m Interferometer
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Shot Noise
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- Achieving Shot-Noise Limited Phase Sensitivity
Requires Understanding and Control of All Other
Optical Sources of Noise
e Laser Noise
s Photodiode Uniformity
« Modulator-Induced Noise
» Scattered Light

LIGO Requirement 10710 rad/v/Hz
Current 40-m Interferometer 1078 rad/vHz
MPQ Garching 1079 rad/+/Hz

LIGOS



Optical Layout and Operation
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Optical Layout and Operation
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Optical Layout and Operation
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Optical Layout and Operation
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Optical Layout and Operation
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Optical Layout and Operation
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Suspension Thermal Noise

o Have Established Link Between Loss Mechanisms
in Pendulum Mode and Violin Modes

. Makes Violin Q Measurements an Important
Diagnostic for Suspension Thermal Noise
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- Data for Steel Wire Suspension System Indicate
Best Model for Thermal Noise Uses Frequency
Independent Loss Function®
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Displacement (m/ VHz)

Suspension Thermal Noise

Observation of Thermal Noise in Violin Modes of 40—m
Test Mass Suspensions

East End Mass Violin Resonances
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INTERMAL  MODES
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THE Question Everyone Hsks

WiLL, LlGo DETECT
GRAVITATIONAL  WAVES 7

3

WHEN wiee Ligo DETECT
GRAVITATIONAL W AVES?
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o LIGO FACIITES DESIGNED To
HOUSE  MUcH MORE SENS/TIVE DETECTORS

o DIRECTIONS FoR FUTURE [pPETECTORS

=~ HIGHER (ASER PowER
oW 7 |k 7
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— NEW OPTICAL CONFICURKTIONS
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~ QND 7 SQUEEZED LICHT 7

— ACTIVE COMPEMSATION FoR
SEISMIC MOTION

— MATERIALS AND DESI4NS FOR
LOWER THERMRL NOISE



LIMITING PERFORMANCE DUE TO
FACILITIES
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