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Era of Gravitational Wave
Astronomy




Gravitational Waves
Perturbations in space-time
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Quantum noise

However, we can trick nature...

AxAp > g —> AA AP

Strain is only sensitive to phase!
Dump all uncertainty into amplitude
This is called squeezing
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Before we continue...

Gaussian beams

Fabry-Pérot cavities

Mode matching



Transverse Y [m]

Gaussian beam

(f"m

Propagation Z[m]
4 0 02 04 0.6 0.8 1

[w] estansuel |

-2

-1 0 1
Transverse X [m]

Waist size W
Waist location Zg

3 0O 02 04 06 08 1
Propagation Z [m]

W
—_— §(2) =241 AU




Fabry-Pérot cavity

T

q(z) =z+1
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Mode matching
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Mode mismatch

X

dbeam ?’é cavity

Laguerre-Gaussian modes




Squeezing
cavities

Faraday Isolator

Output Mode
Cleaner

d—— \\/'’s detected here



End test masses, four kilometers
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FINESSE modeling

* Advanced LIGO model

* Best Squeezing with mode matching

* Best Squeezing with 95% mode matching

Credit: Paul Fulda, Antonio Perreca, Thomas Vo and Birmingham team



FINESSE model

——100% MM no Saz |
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Losses degrade befefits of squeezing

Sheila’s loss budget only allows 2%

Strain Sensitivity
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Lets just mode match well once?

We have a dynamic problem

LIGOs Thermal Compensation System brings mode
matching to 15% ... we need better than 2%



Thus we need
Adaptive Mode Matching
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Experiment design at SU
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Sensing
mode mismatch
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Actuators

Thermal

Displacement




How thermal lensing works

1. Heat diffusion equation

h

2. Use cylindrical symmetry

Boundary conditions

4. Solve for Temperature profile

1o
5. Use temperature profile with thermal expansion

Lens curvature profile
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Expected Results

o UF data DCC: P0900116 fig 5
SU analytical calculation DCC: T1500401
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Lens hardware
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Driver design

2886 L0O00Z

i .

ISHIAINN FSNIOVHAS




n\

ERREEENNNREEEEEE R RSO e e

T s 7.1 7 MR




Testing Thermal Actuator

50.0



How to measure focal power

* Beam scan

~10 min
Beam scanner
(special camera)

—>

* Transverse mode spacing due to intentional
misalignment
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Fabry-Pérot cavity
transverse mode spacing

FSR
Jrnm = arcCos /4192

T

C
FSR= — \




Measuring Focal Power via Transverse Mode
Spacing

Lock a ~ 1 meter cavity
Inject a swept sine (1-100MHz) signal
Slightly misalign cavity
— observe the shift of TM spacing due to thermal lens

Back calculate focal power from TM spacing

Laser BB EOM EOM Roc=30cm Roc=50cm
1-100 MHz 25 MHz

I (—] />
= -4 3
Thermal RFPD
lens

Network
Analyzer



Refl BB RFPD, EOM signal injection 1-100MHz, Thermal Lens on, Fans off
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Future work

Vacuum testing
Waste heat solutions
Gain more experience with SU AMM setup

Integration
— Best placement MM per heating power
— Best placement for astigmatism correction

Global optimization of the whole system

— Include, focal power, mode matching, waste heat,... bad
and good things.
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