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Motivation



NEWTONIAN NOISE MITIGATION
ANALYSIS FRAMEWORK

e Testing mitigation capabilities using a random stochastic seismic noise
floor, described in detail in [1]

e Searching for the optimal underground configuration of seismometers

e Optimal means to minimise the Wiener filter residual:
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[1] J. Harms Terrestrial gravity fluctuations
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CURRENT STATE OF NEWTONIAN NOISE
MITIGATION FOR ET

1.0 ; Particle Swarm (PSO)
e Best results found up to date are reported in [2] < | . Adom i andom nazaon
and [3] e oo
. = 0.6 - (100x PSO)+Adam
e Benchmark residual /R = 0.1 = =60 borehole for = .
: . . . 2 0.4 % SNR = 15
the seismometers (optimised at a single-frequency) P62
e Boreholes are a major cost factor for the ET :/ S0z e
e ii—
ig 5 X=DE
[2] F.Badaracco Joint Optimization of seismometer arrays for the cancellation of ;E o —
Newtonian noise from seismic body waves in the Einstein Telescope %ﬁ 15- X=106x SO |
[3] P.Schillings Fighting Newtonian noise with gradient-based optimization at the S X 1.0 |smmmmenbimnnne e | | | | Taken
Einstein Telescope ’ ? Numiber of selsmometers N " from [3]
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NEWTONIAN NOISE MITIGATION
USING FUSION SENSOR ARRAYS

We investigate on the following questions:

Can we reduce the number of borehole for
seismometers by fusing sensor arrays without losing
NN mitigation performance?

A

A™

R How much NN mitigation performance do we lose by
S Eefememeie nlacing the sensors inside of the ET infrastructure
Tiltmeter* Instead of boreholes?

*Not yet analysed, for future work
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Methods



NEWTONIAN NOISE CALCULATION

Newtonian noise from a plane wave seismic field can be calculated according to

47

(5&(1‘0,15) — ? G,O() (2 €P(I'0,t) — £S(I'(),t))

This formula was derived in [1] and contains the following assumptions:

e Full space

e Spherical cavern

e Neglectable cavern volume (large wavelength limit)
e Neglectable scattering from ET infrastructure

Paul Ophardt Helmut-Schmidt-Universitat Hamburg



DEFINITION AMBIENT SEISMIC NOISE

I) Isotropic
We assume that the noise sources are distributed isotropically in the medium.

Il) Unpolarized
We assume that there is a uniform distribution of polarisation directions.

Ill) Uncorrelated
We assume that the sources are all independent and therefore uncorrelated (also, P-
and S-waves are uncorrelated).

V) Stationary
We assume that the seismic noise floor’s distribution does not change over time.
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SEISMOMETERS VS STRAINMETERS

Strainmeters measure a different quantity than seismometers, namely the
strain field. E.g., for plane wave the fields are given by:

£(r,t) =pe ke

Displacement field

E(I‘, t) — arg(ra t) = —1p®k g (k)

Strain field

Intuitively, one can also think of a strainmeter as the differential signal

between two seismometers:

e(r,t) = %ii%

{(r + Ler,t) — &(r,t)

L
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WIENER FILTER ANALYSIS FRAMEWORK
FOR FUSION SENSOR ARRAYS

1 .
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Results






PERFORMANCE

o e Seismic noise floor using a mixing
j ratio p, seismic speed c, frequency f
and wavelength ) are given by
10 f
| ::Zzli;i:iir;;:?}r[q, pure seismometer array {p — %7 Cp = 6000 m/S7 fp — i_j)? Cs = 4000 m/S7 fS — s\_i
Ej‘f Fusion array, equal sensors compaosition
lD_E E ure strainmeter arra
horetial il e Assume all sensors have SNR =15
- e Fusion sensor arrays (using the same
o amount of seismometers and
— 11— strainmeters) perform similarly well as
0 2 4 7] 8 10 12 14 16 18 20 .
Number of sensors pure seismometer arrays

[4] F.Badaracco Optimization of seismometer arrays for the cancellation of
Newtonian noise from seismic body waves
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NN MITIGATION FROM SENSOR ARRAYS

PLACED INSIDE OF THE ET

e Optimize in a bounded region
instead of the usual global
optimization

e For this, we use a box centred
around the TM, shown as a red
straight line

e We either restrict one sensor
type or all sensors to the box

Strainmeters

Z[A]
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NN MITIGATION FROM SENSOR ARRAYS
PLACED INSIDE OF THE ET

Comparison Cases A) and B):

Arrays constrained to the ET
infrastructure perform considerably
worse compared to unconstrained arrays

A) no sensor constraint

C) strainmeter constrained in ET

0.2
0.1
o 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 1& 17 18 19 20
Nsefs =20 - Nstram

The number of total sensors is always given by 20,
X-axis shows the number of seismometers in fusion array
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NN MITIGATION FROM SENSOR ARRAYS
PLACED INSIDE OF THE ET

| Comparison Cases A) and B):

) ”d il Arrays constrained to the ET
infrastructure perform considerably
worse compared to unconstrained arrays

Comparison Cases A) and C):
For arrays which contain at least 5,
arrays placed without constraints and

L TTTTrreY e arrays where the strainmeters are
/ R Vet placed inside of the ET infrastructure

The number of total sensors is always given by 20, perform similar!
X-axis shows the number of seismometers in fusion array
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Outlook



NEXT STEPS

e [mprove fusion array setup using the same analysis framework, e.g. by
Including several TMs, test broadband mitigation capabilities...

e Improve mitigation analysis framework itself, relax assumption regarding the
seismic noise floor (e.g. isotropy would change correlation properties of
strainmeters) -> very interested to see how Patrick’s simulations develop

e Since the current framework depends much on the correlation coefficients,
It would also be interesting to use a different type of correlation, e.g. in time
domain, or to combine the signals using a different filter than the Wiener

filter
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WHAT NN MITIGATION COULD BENEFIT FROM

e Current analysis is done analytically, development of advanced
and adaptable seismic simulations (e.g. FEM), which could then be
used to build a mitigation model

e Analysis of how mitigation strategy changes when NN model
changes (e.g. change cavity shape)

e Testing the NN mitigation using real seismic data, using a fusion
sensor array and then one seismometer as the TM (virtual sensor)
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