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Martynov et al, Phys. Rev. D 93, 112004 (2016)
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Finite-Element Simulations + seismic 
correlation data for array optimization

Underground construction 
greatly reduces, but does 
not completely remove, 
Newtonian gravitational 
noise from atmospheric and 
seismic fields.

Newtonian noise must be 
subtracted using data from 
sensor networks. One of the 
most complex design tasks for 
Einstein Telescope.
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Brundu et al, PRD 106, 064040 (2022)

50m depth

“World First: Ontario Council Includes 
Infrasound in Wind Farm Noise Law”
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If we don’t do better than LIGO/Virgo
(payload design, electronics design, 

reduced magnetic fluctuations) Magnetic noise in Virgo

Cirone et al, CQG 36, 225004 (2019)
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Janssens et al, PRD 106, 042008 (2022)

A&D: 460m, 60deg
B&C: 430m, 0deg
E: 490m, 120deg
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Ventilation

Vacuum pumps

Sanford Underground Research 
Facility

Cryocooler

https://dcc.ligo.org/LIGO-G1601857
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δa=gτδa= δagnd
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Ross et al, CQG 37 185018 (2020)
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1st session
Brief tutorials/demonstrations of simulation tools 
(Finesse, Lightsaber, SpicyPy).

2nd and 3rd sessions
Defining a first simplified model of the lower ET-LF suspension 
stages and its noise inputs and actuation scheme in the context 
of angular controls. Calculate the requirement of rms angular 
motion of arm-cavity mirrors for ET-LF. 

4th session
Simulation of the arm-cavity angular controls of ET-LF.
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Example: 
Virgo sensing and control

Allocca et al, Galaxies 8, 85 (2020)
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Goal: simulate the equivalent of this system for ET-LF

Andric, Galaxies 2021, 9(2021)
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Why should the problem be less severe in ET-LF?
• Larger test masses 
• Lower arm-cavity power (smaller 

optomechanical resonance frequencies)

Why might there still be a problem?
• Observation band moves close to the 

oceanic microseismic peak
• Some of the noise injected by controls in the 

observation band might be considered 
fundamental, e.g., DAC noise

• …

LIGO angular 
controls noise (2016)
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Final suspension stages
• Response: actuator torque for 

pitch control [Nm] to test-
mass pitch motion [rad]

• Response: radiation-pressure 
torque [Nm] to test-mass 
pitch motion

• Noise input: suspension-
resonance damping

• Noise input: top-stage 
platform motion

Arm cavity
• Response: pitch motion of test 

masses [rad] to beam-spot 
motion on test masses [m]

• Response: cavity-length 
fluctuations [m] to power 
fluctuations [W]

• Noise input: laser-power 
fluctuations [W]

• Noise input: sensing of pitch 
motion [eff. rad]
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