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Motivation

Quantum Shot Noise makes a 10
significant contribution to the noise
budget at higher frequencies (over
100 Hz)
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https://arxiv.org/abs/2202.00847
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https://arxiv.org/abs/1608.02934

Effects of RHs on HOM Resonance Condition (G2101232)
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FROSTI shifts seventh order modes
away from resonance

Cavity power

800+ ¢ LHO‘ >
¢ LLO (pre-realign) .

7007 o II_dLOI(post-reaIign) - 2 Predicted ‘ ‘ ‘ ‘ ‘ . , \
< ||= = Ideal case - il - 08 -06 -04 02 0 02 04 06 08 1
E 600 [__ISIS model range e / pclﬁ‘ls’;S:thfcl)’?l:;rS Phase
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shifts seventh order mode toward
resonance (red arrow), FROSTI shifts it
away (green arrow)
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https://arxiv.org/abs/2101.05828
https://dcc.ligo.org/LIGO-G2101232

FROSTI
(FRONt Surface
Type Irradiator)




FROSTI -

FROST' ,S V ; - “ / Gorlfd reflective
Next generation ring heater components and :
structure
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(G2400546)

Annular ring heater placed 5cm in
front of test mass

Reflector-heater
cross-section

Shape based on nonimaging
elliptical concentrators to maximize
radiative transfer

y [m]

Reflector component coated in gold
film for maximum reflectivity
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Eight individual heater elements x (m]
oriented octagonally Profile FROSTI generates

FROST/I’s placement
relative to the test mass



https://dcc.ligo.org/G2400546

FROSTI -
FROSTI helps deal with

squeezing loss in O5

ayrm = 0.5 ppm, agrm = 0.3 ppm
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Initial in-vacuum tests have been
conducted

Confirmed FROSTI's compatibility
with LIGO environment and thermal
profile measurement

Average Measured Temperature in Vacuum

Height of Test Mass(m)
Temperature (C)

Width of Test Mass(m)

Measured FROSTI thermal profile in-

Heater Elements
in UCR Vacuum
Chamber
(G2400546)

Caltech Vacuum Chamber with Hartmann
Wavefront Sensor (G2400546)
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https://dcc.ligo.org/G2400546
https://dcc.ligo.org/G2400546

Objective

FROSTI performs well in idealized simulations
with perfect beam centerings so how does it
perform with realistic beam miscenterings?

Measure the sensitivity of FROSTI’s corrections
against static beam miscenterings

See if introducing more degrees of freedom
(tuning individual heater elements) can
compensate for the degradation in performance

One of the first times being able to use actual
measured data from a completed FROSTI
prototype



Idealized Average
Heating Profile
e FROSTI setup

e Take heater element
measurements

Irradiance Profile

e Generate inferred
irradiance profiles

e Useasinputin
COMSOL model

Implementation
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COMSOL Model

e Construct blackbody
screen model

Finesse Model

e Create script to

automate stabilizing
thermal test mass and
checking various
beam miscenterings




Setup & Measurements




Setup

FLIR (Forward
Looking Infrared)
A70 infrared camera
used to collect data
of thermal profile

FLIR
Camera

Optical System Setup

FROSTI
Prototype

Setup utilized
a blackbody

screen to act
as substitute
for test mass

Test Mass
Stand-In




Measurements

1. Turn

element
on, wait for
it to reach which ones are on and off
steady
state

3. Turn
element off,
wait for it to 4. Repeat

cool 1-3 for the
considerably remaining

7 elements

2. Once at
steady

state,

record
temperature

values
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Analysis & Modeling




Analysis
Irradiance profile needs to be o s
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Comparison to in-vacuum profile and analysis ..
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Modeling

Built model of blackbody screen in
COMSOL with shape of test mass

Consideration of convection through
air included

Aside from the coating emissivity (€ =
0.99), the thermal properties of the
screen are that of the aluminum
substrate

COMSOL model with thermal profile



Thermal properties and air convection
resulted in different irradiance and
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Finesse
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Displace beam along only one axis
to simulate beam miscenterings
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Diagram of Simple Arm Cavity Finesse Model



Finesse Az = 2 —L-6, — ;L - 0
1 —g192 1 —g19
Inverse matrix done to get mirror tilts Azy— — > 1.9,—— 9 [.¢,
in terms of beam displacement for 1 =919 1= 9192
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Project
Synthesis
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Summary

Big step into characterizing how much degradation occurs

Focus on realistic performance and not just simulated
perfect beam is necessary

Multi-Element FroSTI Concept

|||||||||||||||||||||||||||||||||||||

Constructed COMSOL model can be used for future in-air 15§
measurements

Gathered data on individual heater elements useful for
future projects requiring them

Process created will provide a way to test various
displacements and individual element tunings

Y-Coordinate [cm]

Can provide insight on how future FROSTI prototypes
should be constructed including a potential multi-element »
FROSTI for non-uniform absorption effects —15 —

0 —5 0 5 10 15
X-Coordinate [cm]



Acknowledgements

Thank you to my mentors Tyler Rosauer and Dr. Richardson for their
support and insights throughout this project.

| would also like to thank Liu Tao for teaching me about how to use
COMSOL

And | would like to acknowledge NSF, UC Riverside, and the Caltech
SURF program, as well as LIGO Laboratory, for allowing me to be part
of this wonderful program.

l-LR Caltech %0




