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WP Modelling and design tools
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Simulation tool survey

Goal: 
A list of all software tools that are, and might be, used to model and 
simulate ET or parts of ET  (ET instrument)

Approach:

E-Mail to the ISB (January 27th 2023)

Results:

31 software tools (commercial, open source and everything in-between)

https://wiki.et-gw.eu/ISB/Interferometer/ModelDesignTools/Swlist

https://wiki.et-gw.eu/ISB/Interferometer/ModelDesignTools/Swlist


Simulation tool survey results – IFO 1



Simulation tool survey results – IFO 2



Simulation tool survey results – noise budget



Simulation tool survey results – systems, control, suspensions, 
signal processing



Simulation tool survey results – electronics & FEA/CAD



Simulation tool survey - conclusion

• Many tools are out there

• Often their status is not well defined 
-> we should start to rely on tools with active maintenance and, if 
possible, open source tools, for instrument studies

• Certainly not all necessary tools have been covered!

• Please send more relevant tools and any corrections/additions to:
oliver.gerberding@physik.uni-hamburg.de
s.steinlechner@nikhef.nl

mailto:oliver.gerberding@physik.uni-hamburg.de
mailto:s.steinlechner@nikhef.nl


WP Modelling and design tools – general comments

• A lot of software will be used and needed

• Aim of our WP is to work towards
• Best practices for SW development (if done by/with/for ET-ISB)

• Good and efficient software documentation recommendations

• Definition of software interfaces and data formats 

• Regularly available SW training

• Established review and management procedures (especially for internally dev. SW)

• Each analysis done in software needs to be reproducible, this requires
• defined and available set of input/design parameters/files

• defined and available software and library versions

• available analysis code

• each of the above might become its own repository



Full detector simulation aka “Digital Twin”
An example from ATLAS Collaboration

Artem basalaev



ATLAS detector simulation – very brief
• Disclaimer: I only worked on this as a PhD student and by no means an expert
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Event generation

Particle 
propagation 

through material

Detector response

“raw data”: 
(simulated 
voltages/…) 

• Independent of detector materials and conditions
• Done with external, well-established software

• Dependent on detector materials/layout
• Create detector geometry models in-house, which are 

stored in central data base
• Simulation itself by external, well-established software

• Software packages for each subdetector produced fully 
“in-house” by different subgroups

• Centrally managed:  packages integrated into ATLAS 
simulation software chain, with central gitlab repo and 
strict code review/control



Can we do something similar for IFOs/ET? Maybe?... 

12

IFO detector 
design model

E.g. CAD files + material description for each detector part, forms full “IFO geometry”
• Central data base under single labels with clear naming convention?

Mechanical 
simulation 

• Time domain, State Space models? In that case, modular design:
• Connect State Space models of parts to each other to form bigger parts
• Send ground motion (and sensor noise) into inputs and its propagation read 

off from outputs, close feedback/forward loops with extra connections

• External tool(s)? 

Optics/opto-
mechanics
simulation 

Control Simulation

• Interplay of cavities and radiation 
pressure

• External tool(s)? Finesse 3?

• Optimizing control loops
• H-infinity, …

• Sensors placement and 
effect of their self-noise

• External tool(s)? Python-
control? (-based?)

Noise in DARM


