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Seismic Newtonian Noise
Governing equations
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Seismic Newtonian Noise
ANNA Newtonian Noise Analysis toolbox

P. Reumers, X. Kuci, S. François, and G. Degrande. ANNA: a toolbox for Newtonian Noise Analysis. https://arxiv.org/abs/2603.15157

P. Reumers, S. François, and G. Degrande. Validation of a numerical model of seismic Newtonian Noise for the Einstein Telescope. In 9th 
European Congress on Computational Methods in Applied Sciences and Engineering, ECCOMAS 2024, pages 1-11, Lisbon, Portugal, June 2024.

S. François, M. Schevenels, D. Dooms, M. Jansen, J. Wambacq, G. Lombaert, G. Degrande, and G. De Roeck. Stabil: an educational Matlab toolbox 
for static and dynamic structural analysis. Computer Applications in Engineering Education, 29(5):1-18, 2021. 3



Seismic Newtonian Noise
Finite element formulation
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Seismic Newtonian Noise
Validation: plane P-wave
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Seismic Newtonian Noise
Validation: plane P-wave
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Seismic Newtonian Noise
Validation: plane P-wave
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Seismic Newtonian Noise
Validation: Rayleigh wave
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Seismic Newtonian Noise
Validation: Rayleigh wave
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Seismic Newtonian Noise
Validation: Rayleigh wave
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ANNA Workflow
Newtonian noise computation
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Layered geology
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Layered geology
Seismic wave field
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Layered geology
Mesh design strategy
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Layered geology
Mesh design strategy
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Layered geology
Newtonian noise

16



Summary and Outlook
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• The ANNA toolbox efficiently computes Newtonian Noise from 3D seismic wave fields using a finite 
element formulation.

• The implementation was verified against analytical solutions and is available in MATLAB and 
Python.

• The methodology has been extended to account for layered geology with a consistent 
computational strategy. 

•  The approach will be applied to 3D geology model once available. 
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Cavern Wall Newtonian Noise Coupling
For small caverns (with respect to the seismic wavelenght) 
one can derive analytical approximations for NN coupling 
of mirror acceleration and seismic displacement:

19relevant laser axis 



Cavern Wall Newtonian Noise Coupling
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Coupling elements inside different caverns
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a) Sphere R=10m  [cut through cavern center]

c) elongated cylinder L=100m [cut at center X]   

 
b) cube [cut through cavern off center (-5m)] 



ANNA mesh examples
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→ Validation of cavern wall 
effects in ANNA:

1. embed in homogenous 
space (R=2000m)

2. choose simple cavern 
geometries

3. choose simple seismic 
fields (P- and S- waves)

→Analytical results                                                                   
for comparison available

For both the surface integrals and dipole description: 
dense meshed around cavern needed 



Validating numerical tools against analytic solutions 
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Validating numerical tools against analytic solutions 
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ANNA example for two mirrors in corner caverns
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Testing ANNA: for 
incoming S-wave at ET 
corner cavern walls 



Summary and Outlook
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•  We extensively validate numerical NN software:

•  very good agreement with analytical theory for NN accelerations 

 in all scenarios checked so far → confidence in future results

•  both leading and higher order effects: resolved very well

•  both modeling approaches: “dipole” and “bulk + surface” consistent 

   → allowing for cross-check of mesh quality even without analytical results

  

•  NN response can significantly depend on local geometry close to the mirrors

• Ongoing work towards ET Symposium Aachen: EMR NN modeling with 3D model including 

geology, recent caverns models and topography  
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