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Overview

Modeling and theory

Thermal noise

Scatter and optical loss
Absorption and thermal issues

Tours of Caltech labs
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Overview

lon Beam Sputtering (Ramin Lalezani)
Gravitational Wave Detection (Steve Penn)

Quantum Optics (Markus Aspelmeyer)
micro mechanical oscillator&EcoatinglC DU\

|aser Frequency Stabilization (Michael Martin)



Modadeling and Theory

Interferometer with insensitive to thermal noise
Optimization of coating layer thickness

Larger beam

Laser frequency stabilization

Scattering



Thermal noise

Review (Gregg Harry)

Mechanical loss of silica/alumina coating

Mechanical loss at low temperature

Radiation pressure experiment (MIT)

Optimized coating in Thermal noise interferometer (Caltech)
Thermal noise interferometer with thin disk (Perugia)
Calculation of elasticity of Tax0Os5

Thermo-optic noise

Mesa beam experiment

Bench 7.0 (software to calculate interferometer sensitivity)
Absorption measurement



Scatter and optical loss
Absorption and thermal issues

Advanced LIGOB LT

Measurement of scatter, absorption, transmittance
(doped coating)

Thermal compensation
Effect of ultraviolet ray irradiation
High power damage



BZICH 1T Scoating mechanical loss

Kazuhiro Yamamoto . Review

lain Martin (Glasgow) : SiO, and Ta,Og

Eleanor Chalkley (Glasgow) : HfO,



2. Studiesin Past

2-1. Measurement of coating mechanical loss

3 experiments (in refereed journal)

(1) University of Tokyo
K. Yamamoto et al., Physical Review D 74 (2006) 022002
First measur ement

(2) Friedrich-Schiller-University Jena
R. Nawrodt et al., New Journal of Physics 9 (2007) 225
Coating on grating

(3) University of Glasgow
. Martin et al., Classical and Quantum Gravity 25 (2008) 055005
T10O, doping
K. Yamamoto’s slide
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(1)University of Tokyo K. Yamamoto's slide

K. Yamamoto et al., Physical Review D 74 (2006) 022002
First measurement  SiO4J/TayOscoating
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(2) Friedrich-Schiller-University Jena
R. Nawrodt et al., New Journal of Physics 9 (2007) 225
SI0,/Ta,Ogcoating on grating
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(3) University of Glasgow
|. Martin et al., Classical and Quantum Gravity 25 (2008) 055005
Ta,O5 doped with TiO, (and histalk)
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Figure 4. Tem perature dependence of the loss of the doped Tas0 5 coating.
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Comparison of SiI0, and Ta,O¢
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= Loss of ion beam sputtered SiO, is significantly lower than loss

of Ta,O- between 10 and 300 K.
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UNIV?fRSlTY ﬁ;ﬁl
GLASGOW UM

Comparison to multilayer results of Yamamoto et al

= Loss of single SiO, and Ta,O; layers used to calculate loss in a 31 layer
multilayer coating, as measured by Yamamoto et al’

=  Yamamoto’s results: e Calculated multilayer loss 1 kHz

= Show no evidence of a |arge peak1.0x10'3— s —m— Yamamoto 2006 2 multilayer not annealed 1.1 kHz | ]|
at 20 K ] ; —%— Yamamoto 2006 3 multilayer not annealed 1.1kHz | |

[ ]
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—&— Yamamoto 2006 4 multilayer annealed 1.1 kHz

= Are not inconsistent with a peak g oxio*-

at slightly higher T, with TIqeak 7 |Martin = s slide
possibly lowered by annealing c:i

O 6.0x10" -
= Apparent discrepancy in results - g
could be explained by: E

= 4.0x10" A 4

= Differences in annealing
temperature and / or coating
layer thickness?

= Different coating thermoelastic
loss between coatings on —

2.0x10™ -

sapphire and silicon substrates 0 50 100 150 200 250 300
= Not enough data for multilayer Temperature (K)
coating Calculated multilayer coating loss at 1 kHz

compared to Yamamoto’s measured multilayer
“Yamamoto et al., Phys. Rev. D 74, 022002 (2006) loss at 1.1 kHz 15
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Plot showing coating loss for all modes studied

107 The Mechanical Loss of Thin Film Hafria as a Function of Temperature
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