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NN work package

Active Noise Mitigation division (co-chairs: Luca Naticchioni and Conor Mow-Lowry)

The division is divided into 5 work packages with 2 co-chairs each:

Newtonian Noise (Soumen Koley and Maria Tringali)
Environmental Sensors (Rosario De Rosa and Mariusz Suchenek)
Magnetic Noise (Irene Fiori and Barbara Garaventa)
Inter-platform motion (Tomislav Andric and Sina Koehlenbeck)

LF control noise (Artem Basalaev and Michele Valentini)



Objectives of NN work package

The work package focuses on modeling and mitigating Newtonian Noise, with a strong emphasis on cancellation strategies.

Site characterization: reconnaissance studies are performed using dense sensor arrays to identify dominant
environmental sources, quantify field composition (e.g,, surface vs body waves), and determine the elastic properties
of the surrounding medium

NN modefling: the environmental observables are used to construct and validate numerical or analytical models of the

Newtonian noise.

Sencor-array optimization: once a representative model of the ambient field is available, optimization algorithms are used
to design sensor layouts that maximize NN subtraction performance while accounting for site geometry and practical
constraints

Noice cancellation: it involves implementing algorithms - either online or offline - that use the sensor array outputs to
estimate and subtract the NN contribution from the detector strain channel. Proven approaches include stationary
and adaptive Wiener filtering although recent studies have demonstrated promising results using advanced
machine-learning algorithms.



What has already been done

Extensive site characterization campaigns have been Geophysical journal International

Issues v Subject v  MoreContent v Submit v  Alerts  About v Geophysical Journal ¥

Carried Out acro S S Candidate Site So 10Pscience  Q  Joumals v Books  Publishing Support @ Login v

JOURNAL ARTICLE
Temporal variations of the ambient seismic
field at the Sardinia candidate site of the

PAPER " .
5o - . Einstein Telescope @
Surface and underground seismic characterization at Terziet "
. . . . . " . * = - b M Di Giovanni, S Koley &, J X Ensing, T Andric, J Harms, D D'Urso, L Naticchioni
. in le.burg*the Euregio Meuse-Rhine candidate site for R D&RoS,COMAEhLAAoea: . Showmara
ardinia candidate site (lin Einstein Telescope
b i i 3 i Yend " i s s Geophysical Journal International, Volume 234, Issue 3, September 2023, Pages
ii:’r:zr‘vntn ley, Maria Bader, Jo van den Brand, Xander Campman, Henk Jan Bulten, Frank Linde an« 1943-1964, https://doi.org/10.1093/gji/ggad 78

Published: 26 April 2023 Article history v

Classical and Quantum Gravity

Published 11 January 2022 » © 2021 10P Publishing Ld. Al rights, including for text and data mining, Al trining, and

® FHuregio Meuse—Rhine candidate site (link) e e

Citation Soumen Koley et al 2022 Class. Quanturm Grav. 39 025008

Analysis of seismic
Dol 0 1088/1361 6382/ac2008 ambientnoiselatithe

® [ausitz candidate site (LL1-0274A-25) sl T Lausitz ET

j ishwi yourresearch Q) search candidate site

Home > The European Physical journal Plus > Article

Array analysis of seismic noise at the Sos
Enattos mine, the Italian candidate site for
the Einstein Telescope XV ET Symposium BJ0gHa

le | Openaccess | Pub h 2L A

ontents lists avallable at SclenceDirect

Tectonophysics

Solid Earth
ELSEVIER fournal homepage: v elsevier comlocateitecto

Baar

These studies provide the
experimental basis for NN

o "
T, Subsurface characterization of crystalline rocks at the Einstein Telescope (&
sites candidate site (Italy): Insights from seismic tomography, geoelectrical and
morphostructural analyses

ic noise isation at ET

Andreas Rietbrock!, Michael Frietsch, Carlo Giunchiz, Thomas Forbriger’, Mike Lindners, Matteo Di
Giovanni”, Luca Naticchioni, Shani Kadmiel Shahar* ('KIT, NGV, “INFN, “GSSI, KNMI) F. Villa", . Marsio™, L mprota’, B De Martin, . Cavallar", M. Fietto Crlno,

yi

modeling and mitigation. Pt mriephi el = = | Al A
~ | ET-0339A-2. )

D. Cittadino*, M. Marsella " Q Napoleoni ¥, C. Rossini , G.L. Cardello >

the Einstein Telescope candidate site



https://academic.oup.com/gji/article/234/3/1943/7143776?login=false
https://link.springer.com/article/10.1140/epjp/s13360-023-04395-2
https://iopscience.iop.org/article/10.1088/1361-6382/ac2b08
https://apps.et-gw.eu/tds/?r=19674
https://apps.et-gw.eu/tds/ql/?c=17357
https://apps.et-gw.eu/tds/?r=19674

What has already been done

A significant effort has already been devoted to both modelling and
cancellation of Newtonian Noise, using analytical, numerical and also

data-driven approaches.
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Existing NN tools

NN wp collected a list of gpen access tools to be considered for the development of site-dependent noise models and for the

evaluation of mitigation techniques.

List of tools and reference person:

Newtonian Noise optimizations - Francesca
Badaracco v

NewtonForge-3D - Tomislav Andric v/
SeisNN - Andreas Rietbrock v
pySeisIDNN and pySeis3DNN - Soumen
Koley v v

Prediction of environmental vibration due to
anthropogenic sources and computation of
Newtonian Noise - Geert Degrande ¢
FraNC - Tim Kuhlbusch

ParaArrayOpt - Johannes Erdmann ¢

® The tools cover three main fields

NN modelling
- Seismic field and gravity perturbation modelling

- Analytical and numerical approaches (1D/3D, realistic geology)

Array optimization
- Design of sensor layouts for NN cancellation

- Optimization based on model assumptions or data-driven approaches

Cancellation
- Wiener filtering, adaptive methods, and machine learning techniques

- Performance evaluation and comparison frameworks Status

ready

under development



Towards a coherent NN tool framework

Recent tools

d Methods for

® A variety of NN tools has been developed within the
Collaboration. A numerical beyondm:?igimm Amﬂ'm’;;m'ﬂ_ timation at the Einstein 2-D

o Tools are at different stages of development

® New developments and tools are continuously emerging across
different groups.

® These efforts represent a valuable and active contribution from
the community.

........

® A coordinated validation and usage of these tools is needed to
support NN studies and site selection for ET.
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