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Figure: LIGO Hanford noise budget [1]

scattered light is major limitation at low frequencies
non stationary noise

non-linear coupling
frequency up-conversion
amplitude- and phase- modulation

Source: [2]

D. Voigt, A. Lohde, O. Gerberding Straylight suppression with tunable coherence in high precision interferometers 23rd May 2023 3



Cluster of Excellence
QUANTUM UNIVERSE

Gravitational
wave detection G��

Motivation

Figure: LIGO Hanford noise budget [1]

scattered light is major limitation at low frequencies
non stationary noise

non-linear coupling
frequency up-conversion
amplitude- and phase- modulation

Source: [2]

D. Voigt, A. Lohde, O. Gerberding Straylight suppression with tunable coherence in high precision interferometers 23rd May 2023 3



Cluster of Excellence
QUANTUM UNIVERSE

Gravitational
wave detection G��

Concept
Tunable Coherence

phase modulation at GHz

”random” noise as modulation sequence 𝑐0
→ pseudo white-light interferometer

chips of 𝑐0 generated as 0 or 1

→ modulation 𝑐±1(𝑡) of 0 or 𝜋
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modulation sequence
pseudo-random-noise (PRN) sequence as
modulation input 𝑐0

m-sequence of length 𝑙𝑠𝑒𝑞
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𝑙𝑠𝑒𝑞

101...

influence on MI output
small scale dependent on chip length 𝑑𝑐ℎ𝑖𝑝

large scale dependent on autocorellation of
PRN sequence
→ tunable coherence
→ re-coherence length 𝑑𝑐𝑜ℎ
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Distance examples

𝑓mod = 1 GHz 𝑓mod = 10 GHz
laser frequency 1064 nm 𝑙𝑠𝑒𝑞: 31 chips 16 383 chips 31 chips 16 383 chips

PRN chip 𝑑𝑐ℎ𝑖𝑝 [cm] 29.9 cm 29.9 cm 2.99 cm 2.99 cm
PRN sequence 𝑑𝑐𝑜ℎ [m] 9.29 m 4911.50 m 0.93 m 491.15 m
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Simulation results
Michelson Interferometer
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Cavity response
Equations for fields

modulated input field

𝐸𝑖𝑛(𝑡) = 𝐸0𝑒𝑖(𝜔𝑡+𝜑+𝑐0(𝑡)𝜋) = 𝑐±1(𝑡)𝐸0𝑒𝑖(𝜔𝑡+𝜑)

random behavior for e.g. reflected field
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𝑐±1(𝑡−𝑛𝜏) (𝑟1𝑟2𝑒−𝑖𝜔𝜏)𝑛]

and equivalently for other fields

recoherence for sequence matching cavity
if 𝑐±1(𝑡−𝑛𝜏) = 𝑐±1(𝑡) ∀𝑛, 𝑡:
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PDH - error signal
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normal error signal for matched cavity

local oscillator phase not adjusted for each
simulation
→ probably cause for observed steeper flanks

locking might require additional unmodulated laser
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Outlook
Simulation

future needs
recycling cavities & scattered light
more generalized setup
higher precision without performance penalty
performance increase

conceptual ideas
use modular setup
→ define each optic and its ”connections”
→ iterate through setup and propagate fields in

time-steps
for FINESSE compatibility, use similar input method
→ run both simulations parallel
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Outlook
Experiment

moved into the lab

prepared supporting infrastructure

started setup for testing

adjust interferometer and measure
experiments in preparation

tunable coherence & dual-port quadrature read-out
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