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Coating Noise; Problem Statement
• Coating noise model

– Based on half-space mirror model
• a lossy layer (thickness d) on a lossy host material

– Requirement:  Compute laser phase noise correlation
– Approach:  via analytical Green’s function
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Coating Noise
• Phase Noise Formula
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( )21,, rrS ρρ
ωϕ  the two-point laser-beam phase-

noise power-spectrum correlation 

( ) ( )
ω

ruru ji ′′′ ρρ  the displacement spectral 
correlation 

21,rr ρρ  The laser beam reflection points 
(the beam centers) 

( )( )222
00

wrw er
ρρ −∝ψ  the Gaussian laser-beam profile 

function 

 
w, k the laser beam spot size (amplitude 

radius), and wave number 

χij
ω elastic Green’s function 

cijkl [c’ijkl, c”ijkl] elastic constants [dispersive and 
absorptive parts] 

φ(ω) loss function 

kB , T Boltzmann constant, and temperature 
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Coating Noise
• Static Green’s function for layer-on-substrate

– Definition:  Green’s function and derivatives

– Notation:  2D Fourier transforms in the transverse directions
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Coating Noise
• Static Green’s function for layer-on-substrate (con’t)
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Coating Noise
• Intrinsic Thermal Phase-Noise Estimation
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( )rS coating ρ,ωϕ  The phase noise two-point correlation for a 

coated half-space mirror;  double-sided 

E, σ, φ Young’s modulus, Poisson ratio, and loss 
function of the substrate material 

φσ ,,E  Those of the coating material 

d The coating thickness 

I0(z) The 0-th order modified Bessel function of the 
first kind;  I0(0)=1 

 
fπω 2=  Frequency 

rρ  a relative position vector between the two beam 
centers on the coating surface;  0=rρ  for a 
single reflection. 

k, w The laser beam wave number, and spot size 
(amplitude radius) 

TkB ,  The Boltzmann constant and the temperature 
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Coating Noise
• Interpretation 
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Coating Noise
• Soft coating material 
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Coating Noise
• Stiff coating material

1<<≡ EEδ
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Coating Noise
• Low shear-rigidity material 
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Coating Noise
• Low transversal-deformation material
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Coating Noise
• Interpretation;  Summary 
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Quarter-space Mirror Model

(Work in Progress)
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Various Optical Configurations
• Phase noise formulas

Computed explicitly for
– Single-reflection mirror

– Fabry-Perot resonator

– Optical delay line
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rI the input mirror reflection coefficient 

τ the transit time 

( ) ( )ωω ϕϕ
IE SS ,  

the single-reflection phase noises of the input and 
end-point mirrors. 

nr
ρ  

the positions of the N-time reflections on the end-
mirror surface 

pρ
ρ

 
the positions of the (N-1)-time reflections on the input-
mirror surface 

E, σ Young’s modulus, and Poisson ratio 
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Fabry-Perot vs. Delay Line
• Fabry-Perot vs Delay lines

– Analytical half-space mirror model
– Fabry-Perot interferometer vs several 

delay lines
– Storage time as proposed for LIGO II.
– Delay line beam centers

• evenly spaced
• on a circle

• When the spots are not overlapping 
appreciably, the delay line is less 
noisy than the Fabry-Perot.
– Noise levels are similar if

• the spot circle radii comparable to the 
beam spot size

• the spots are largely overlapping, and 
above several hundred Hertz.
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Quarter-Space Mirror Model
Scalar model 
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Quarter-Space Mirror Model (con’t)
 
(i) Two beam spots are on the same side (e.g. the top 
plane) 
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Quarter-Space Mirror Model (con’t)
• Finite-mirror size effect on thermal noise (PRELIMINARY)
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Summary
• Coating noise estimation

– Intrinsic thermal noise
– Half-space model
– Dissimilar elastic properties
– O(coating thickness/beam spot size)
– Physical meanings explained.

• Finite mirror size effects on thermal noise
– Preliminary results
– “Scalar elasticity”
– Quarter space model
– Delay-line noise increases as mirror size decrease,

but the rate will be tolerable
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