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Previous work : application of ternary design to Silica/Ti:Ta2O5/SiNx 
less stringent absorption constraint,   validation of the method  
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The above statement lead to the definition:
Cambridge University Press 2012
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Temperature & Laser Beam

Coating & Substrate
Thickness

Linear model for the noise (PSD) of a multilayer coating (NL layers):
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Normalized Braginsky coefficients  from direct measurements

Sample 230627a 

LMA last sample 

Sample 230125a 

ASD RF 0.73 

ASD RF 0.72 

ASD RF 0.67 

3.6E-04

This  is considered in
the simulations 
(low absorption)

 (Silica is the reference )
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Transmittance & Absorbance as function of doublets number Nd 

 doublets number Nd  doublets number Nd 

26

26

5.6 ppm

1.12 ppm
Koppelman
limit

(LH)^Nd
L=silica
H=germania

Rem: the first layer (near vacuum) is a cap (half 
wavelength). Other layers are quarter wavelength.
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Absorbance Limit (no cap): 0.94 Absorbance Limit (cap)   1.12

 doublets number Nd  doublets number Nd 



  

Transmittance v.s. Number of doublets
 in binary coating tapering with Carniglia method

By using binary coating Silica/Ti:GeO2 the minimum transmittance is 0.759453 [ppm]
This is also the minimum absorbance. 
The limit is above he prescribed value for advanced detectors (0.5 ppm)



  

Pareto Front 3D
AI based on evolutionary 
algorithm (borgMOEA)
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Silica/Ti:Ta2O5/Ti:GeO2



  

Pareto Front 2D projections
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Pareto Front 2D closeup projections
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Solutions constraint: A<1 ppm

T=5.6 ppm T=6.0 ppm
A=0.9046 ppm A=0.9065 ppm

Colors code:
Red : silica
Blue : Ti::Ta2O5
Black: Ti::GeO2

Substrate on the right; radiation on the left 
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Solutions constraint: A=0.7 ppm

T=5.6 ppm T=6.0 ppm

Colors code:
Red : silica
Blue : Ti::Ta2O5
Black: Ti::GeO2

Substrate on the right; radiation on the left 
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Solutions constraint: A=0.5 ppm

T=5.6 ppm T=6.0 ppm

Colors code:
Red : silica
Blue : Ti::Ta2O5
Black: Ti::GeO2

Substrate on the right; radiation on the left 

UNDER FABRICATION @LMA
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What does the future hold in 
store for us?
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102 12

SiNx  n=2.05 k=1.2E-4 Reducing Braginsky Coeff.
ASD RF = 0.654

Colors code:
Red : silica
Blue : Ti::Ta2O5
Black: Ti::GeO2
Gray: SiNx

Substrate on the right; radiation on the left 

Solutions constraint: A=0.5 ppm T=5.6 ppm
What if?
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SiNx  n=2.15 k=1.5E-4 

2 10

Reducing Braginsky Coeff.
ASD RF = 0.628

Colors code:
Red : silica
Blue : Ti::Ta2O5
Black: Ti::GeO2
Gray: SiNx

Solutions constraint: A=0.5 ppm T=5.6 ppm
10

What if?



  

SiNx  n=2.2 k=1.5E-4 

2 10 9

Reducing Braginsky Coeff.
ASD RF = 0.62

Colors code:
Red : silica
Blue : Ti::Ta2O5
Black: Ti::GeO2
Gray: SiNx

Solutions constraint: A=0.5 ppm T=5.6 ppm
What if?



  

Conclusion ?

Thanks for your attention
I think that the ternary optimization method, together with other technologies, 
are an opportunity to broaden the set of materials that can be used in mirror production.

In some sense the problem becomes "two-dimensional" , on one axis are the materials 
and on another axis the method for using them in mirrors.



  

Some conclusion.

The ternary optimization method is applicable to mirrors made of Silica/Ti:Tantala/Ti:GeO2 
the method succeeds in meeting the stringent absorbance specifications of future detectors 
(A=0.5 ppm)

With the current level of Ti:GeO2 extinction, it is not possible to go below 0.76 ppm absorbance 
(Koppelman for QWL design, Carniglia Limit).

Quaternary coatings, based on silicon nitride (or something similar) can further reduce thermal noise



  

The simulation was done assuming 1 nm standard deviation (Gaussianly distributed) on all layer thicknesses (trial = 10^5). 

All the refractive indexes are not random.

Design robustness analysis



  

extinction
Larruquert Tiplets


