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Physics of Gravitational Waves
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SCHEMATIC INTERFEROMETRIC DETECTOR
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EM vs. GW Sources

Electromagnetic
Radiation

Gravitational
Radiation

Emission
Mechanism

Individual Atoms,
Molecules, Electrons

Incoherent
Superposition

Large Scale Mass
Motion

Coherent
Superposition

Examples of Sources

Stellar Atmospheres
Interstellar Gas

Supernova Core
Binary Black-Holes

Electromagnetic
Telescopes Look Up

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

7 =10% yrs =10 sec

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 Surprises!
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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-Shaped Vacuum System
Housing a Full-Length Interferometer

« One Site has Mid-Stations For Half-Length
Interferometer

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

@) 4km
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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
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SCHEMATIC INTERFEROMETRIC DETECTOR
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INITIAL INTERFEROMETER DESIGN
PERFORMANCE GOAL

INITIAL INTERFEROMETER SENSITIVITY
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ADVANCED
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Displacement Sensitivity of Caltech 40 m Interferometer
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Shot Noise
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INTERFEROME TER
OPTICAL CONFIGURSTION DeTECMINED PRIMARILY

(Mieror R's, ETC) By Errecve OPTICH.
" POWER

« Achieving Shot-Noise Limited Phase Sensitivity
Requires Understanding and Control of All Other
Optical Sources of Noise
- Laser Noise
s Photodiode Uniformity
« Modulator-Induced Noise
» Scattered Light |

LIGO Requirement 1010 rad/v/Hz
Current 40-m Interferometer 1078 rad/v/Hz
MPQ Garching 1079 rad/v/Hz
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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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INITIAL INTERFEROMETER
CONFIGURATION

Recycling 4 km Fabry-Perot Arm Cavity
Mirror Input Mirror End Mirror
T~3% T~3% R~ 100 %
Laser U W | R—
AW Ugecw & _5000W
LW 200W (3000 W
g Photodetector
FABRY-PEROT ARM CAVITIES
“\ r
MODEST INPUT POWER (2-3w) & Nd: YHG
INITIAL LASER: ARtA=0.5045-umPOWER ) = ry
RECYCLING r=1.06.M
MODEST RECYCLING FACTOR ( v~30X) [= //) )
MODEST CAVITY FINESSE ( 1 ~ 50) =
&\
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Tieemm Moise (BROWNIAN MoTIN")
IN  SIMPLE HARMONIC OSCILATOR
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Displacement (m/ VHz)

Suspension Thermal Noise

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

Fast End Mass Violin Resonances
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INTERNAL  MODES

PRE-199Y TEST NMNASSES
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THE Questioy EveryonE Asks

WiLL LIGo DETECT
GRaVITATIONAL  WAVES 7

WHEN wiee Ligo DETECT
QRAVITATIONAL W AVES7
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o LIGO FACILITES DESIGNED To
HOUSE MycH MORE SENSITIVE DE TECTORS

o DIRECTIONS FoR FUTURE PDETECTORS

=~ HIGHER (ASER POWER
oW 7 [ kW 7

~ BET7ER OPTICAL COMPONENTS
BETTER FIGURE , LOWER LOSSES

— NEW OPTICAC CONFICURRTIONS
SIGNAL RECYCLING? SAGNAC 7

— QND 7 SQUEEZED 2ICHT 7

— ACTIVE COMPENSATION FoR
SEISMIC MOTION

— MATERIALS AND DESI{NS FOR
LOWER THERMRL MNOISE




LIMITING PERFORMANCE DUE TO
FACILITIES
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