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Special relativistic length contraction and simultaneous measurement
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Imagining a rotating platform
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Principle of Equivalence
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wavelength  1 x 10 -6 m

integration time

arm length = 4000 m

equivalent # of passes = 10 0

number of quanta/second at the beam splitter

300 watts at beam splitter  =  1021 identical photons/sec

h  =  6 x 10  - 22 integration time 10-2 sec
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PENDULUM THERMAL NOISE

T + dT

T

Zener dampin g

Doppler (gas) dampin g

Pendulum Brownian motion

Dissipation leads to fluctuations

Tc = coherence or damping time
=  Q  x  period of oscillator 

Exchange with surroundings:

E(thermal) = kT t
Tc

Large Tc => smaller fluctuations
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L1: 10.1 Mpc, Apr 20 2005 06:01:38 UTC

Local Damping
Seismic
OpLev Damping
WFS Servos
ETM electronics
ITM electronics
BS electronics
L1 Measured
MICH  −> AS_Q (10)
PRC −> AS_Q (2)
Oscillator Phase Noise
Shot Noise
Dark Noise
Intensity Noise
Sus Thermal
Mirror Thermal
Total
Requirement











Classes of sources
• Compact binary inspiral: template search

– BH/BH
– NS/NS and BH/NS

• Low duty cycle transients: wavelets,T/f clusters
– Supernova
– BH normal modes
– Unknown types of sources

• Periodic CW sources
– Pulsars
– Low mass x-ray binaries (quasi periodic)

• Stochastic background
– Foreground sources : gravitational wave radiometry
– Cosmological isotropic background



our galaxy
and local
group

V irgo
cluster

incomplete
selected
clusters

7
average dens ity of s tars  = 8.6 x 10 /Mly3

DATA:    Cosmology of the Local Group   G.Lake
               Astrophysical Quantities  C.W. Allen
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Advanced Interferometer Concept

» Signal recycling

» 180-watt laser

» 40 kg Sapphire test    
masses

» Larger beam size

» Quadruple suspensions

» Active seismic isolation

» Active thermal correction

» Output mode cleaner



LIGO-G020272-00-D
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Optical noise
Int. thermal 
Susp. thermal
Total noise  

Projected Performance

! Seismic ‘cutoff’ at 10 Hz

! Suspension thermal noise

! Internal thermal noise

! Unified quantum noise 
dominates at 
most frequencies

! ‘technical’ noise 
(e.g., laser frequency) 
levels held in general well 
below these ‘fundamental’ 
noises

sapphire
silicaLIGO I
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Binary Coalescence Sources & Science:
Binary Neutron Stars: AdLIGO Range

Image: R. Powell

LIGO Range



LISA 7 LISALISA

The Gravitational-Wave Spectrum



LISA 15 LISALISA

Massive Black Holes in Merging Galaxies
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LISA 25 LISALISA

Mission Concept



LISA 29 LISALISA

Spacecraft Orbits

• Spacecraft orbits evolve under gravitational forces only
• Spacecraft fly “drag-free” to shield proof masses from non-gravitational forces
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Optical System
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H. Edens
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an example E mode

components of a B mode

Gravitational wave strain pattern
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LISA

(2013 ?)

(2013)

(2005)

(2025 ?)

(2030 ?)

PULSARS

LIGO II

LIGO I

BBO I

BBO Corr
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(2016 ?)

L. Boyle &  P. Steinhardt
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