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Introduction - Main tasks of Magnetic noise WP

ANM-MN WP main tasks:

e Define mitigation strategies to reduce ambient noise, especially close to ITF
sensible spots

e Define mitigation strategies to reduce ITF magnetic susceptibility, to eventually
comply with ET design

e Lay out the plan for the design, implementation, monitoring and management of the
MN mitigation infrastructure



General overview on mitigation strategies

| Magnetic field in absence of shield |

shielding factor S(x,y,z) is defined as: S =

| Magnetic field with shield |
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MN noise mitigation questions

What shielding factor is necessary? on what °
volume?

Passive, active or both?
Where to put them? What configurations?

Materials? Environmental [vacuum]
compatibility?

How much screened field homogeneity do we °
need? on what volume?

How do we monitor the solutions and potential
anomalies / transients?

Several configuration and solutions are possible,
as well as the number and types of possible
sensitive elements and sources.

o  Extensive simulations needed, possibly trying to

set up a general framework divided by source
type, solution, etc.

Feld strength is an issue
o  B-H curve saturation
Reproducibility and stability, additional noise
o  more challenging
Long term “investment” in B-field mapping
o  Beware of hot spots in the screen configuration



magnetostatic

shielding

several effects:

e nonlinearities in the B-H curve
e handling and material working
o usually change towards a less
performant B-H curve
e shield position, geometry and external field,
uniformity
e junctions & screen topology
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Compensated field

eddy current

shielding

e Can be both passive and active
o active HeCo are the standard in industry
e Mono-directional component
o  superimpose fields of different coils Helmholtz
pair
e Most homogenous region — ~R/2
o Large region — large coils (2R)
e |n passive configuration can be coupled to a resonant 4.

circuit to screen particularly nasty frequencies (i.e.
50Hz)
o  Nested solutions, combined approaches can be
devised, high design freedom

Takeaway for Helmholtz coil:
good homogeneity for its simplicity, versatile design, insufficient screening if used alone (passively)



more on passive solutions
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Spherical shells — best shielding and
homogeneity

e best strategy is to shield the shield Best passively-shielded volumes to date:

o  Values of $>100 are “easily” achievable
o Relatively large volumes with passive tech.
& record shielding values are in operation

e Paul Scherrer Institute (PSI), Switzerland
o TSV =3ma3(ina25 m3 volume):
o 1e5<S<1e6
o residual field in chamber: B <1e-10 T

e Technische Universitat Munchen (TUM)
o TSV=41m"3
o S>1e6

However, both costs and ET configuration constraints render this o residual field in chamber: B <1e-10 T
approach not always feasible

Takeaway: currently, only the passive solution guarantees the highest
shielding factor, absence of maintenance, simplicity & operational stability



alternatives: magnet configuration
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Several papers on perm. magnet shape & topology optimization.

Mainly referred to specific applications but conceptually one
could imagine a suitable set of magnets to shape a [local]

field with given characteristics (within limits)
o minimize dipole moment

main target: test mass / big optics alignment

shaped field permanent magnets, arrangement and
optimization examples:

Influence of the distribution of the properties of ' Journalof Magnetism and Magnetic Materas :ﬁ
permanent magnets on the field homogeneity of = =% S AL M
magnet assemblies for mobile NMR

On minimal energy dipole moment distributions

YPKicin'", L Abelmann'2, and J.G.E Gardeniers * q
in regular polygonal agglomerates
! University of Twente, Enschede, The Netherlands
2 KIST Europe, Saarbricken, Germany dranoPossebonRos, rancicoRirdo Curha?, Hector Dane Cenceras 2.8

A Method on Decreasing Magnetic Moment of Halbach Cylinder Magnets

Publisher: IEEE B PoF

Z.Wang; T.Song; Z.R.Dong; Q.L. Wang; H.S.Wang All Authors




alternatives: active shielding

Active magnetic shielding with magneto-impedance sensor
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commercial applications

Several commercial solutions are available: can be invaluable for some
classes of items. According to specs:

e S > 50 field reduction at 50/60 Hz
e S > 400 field reduction at DC
e Bandwidth: DC to 5 kHz

SPICER CONSULTING
SC24 FIELD CANCELLING SYSTEM
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solutions in order of preference

1. passive solution
a. pros: robustness, durability, well tested, very high S achievable, easily hybridizable, notch filters, cost
b. cons: geometry constraints, size / weight, high S needs very detailed engineering, cost
2. source canceling [dipole minimization] where applicable
a. pros: light, small solution for highly localized sources
b.  cons: works efficiently only for a limited number of applications, calibration issues, residual field, interactions
and controls
3. active screening
a. pros: may provide adequate screening on a wide range of disturbances, commercially available
b.  cons: source of extra noise, hereditary of the coil constraints, stability and control problems
4. hybrid solutions
a. pros: extended frequency range, help whenever size/cost/geometry do not allow a single solution
b. cons: hereditary of the cons of the component solutions + complexity
5. exotic solutions [as the very last resort]
a. pros: cool for studying and paper publishing, potentially highly performant
b.  cons: validation and applicability is controversial, manufacturing and reliability unknown
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MN solution management: monitoring fields, mapping inhomogeneities

Simulations, tests and implementations are not enough:

e Status and fluctuations must be monitored
o wide array of sensor types needed depending on application, intensity, gradient, ...
m Gradient/ Vibrating Reed / Vibrating Sample / Inductive / Flux gate / MEMS / Hall / ...

e After the mitigation solution implementation:
o Remove residual magnetization due to construction and handling with a decreasing alternating
current through demagnetization coils (degaussing).
o  Verify homogeneity

m Locate hot SpOtS and install sensor there Calculation of an optimized design of magnetic shields with
. . integrated demagnetization coils
O I nteg rate Wlth DAQ AIP Advances 6, 075220 (2016); https://dol.org/10.1063/1.4960329
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MN is linked with several other subsystems

fOI’ inStance: Investigation of magnetic noise in Advanced Virgo

A Cirone'?, I Fiori®, F Paoletti!, M M Perez’, A R Rodriguez’,

B L Swinkels®, A M Vazquez’, G Gemme', A Chincarini’
o PAY a

o test-mass actuators / marionetta design
o material, design, eddy currents, ... see Cirone et al.

e high freq coupling behaviour — electronics / acquisition ?
e ENV

o sensors, injection cails, ...

e VAC

o material compatibility for in-vacuum mitigation solutions
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SHORT TERM R&D



Short-term tasks [0-12 m]: simulations and coupling function

1.

2.

Simulation framework
a. short term activity: input characterization of most commonly used material
i. realistic B-H curves, conductivity, mech properties, etc [exper. check whenever possible]
b. short-term activity: set up the simulation framework for passive solutions

i.  study standard set of geometries, material and optimizations. Model effect of AdV large injection coils
i. study perm. magnets/driving coil configurations for test mass / optics actuators

Coupling models

a. short-term activity: phenomenological modeling of the coupling function [on AdV]
i.  — finer estimation of ET MN budget
ii. experimental validation pending a functioning VIRGO IFO
b. short-term activity: create/update the parametric MN budget curve into the ET sensitivity software tool

(PyGWINC)
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Short-term tasks [0-12 m]: experimental set-up

3. Environmental source catalogue

a. short-term activity: start implementation of a database of known environmental sources (in AdV)
i. i.e. chiller, pumps, heaters, ... start with most obvious and known items
ii.  characterize source field shape (coarse est.) and intensity vs distance

4. Experimental setup
a. short-term activity: cost / feasibility & design of an experimental room @ EGO for testing and validation of

small-volume mitigation strategies
i. room space, instrumentation, sensing, driving, acquisition, ...

Test items 2022: AdV+ detection bench mitigation study [faraday isolator]

Test items 2022/23:  test-mass actuators configuration studies, optical benches magnetic characterization




current MN ongoing activity

[ thanks to JL Raymond ! ]

‘surface: Magnetic flux density norm (T) Arrow Surface: Magnetic flux density

..........

1. source study - simplified model 2
based on measures :

2. FEA implementation & optimization b
[simulated equivalent source] ‘e

FEA simple Fe screen design

Model validation (experiment)

FEA realistic screen optimization

Screen prototype, model validation,

adaptation as needed

FEA final analysis

final prototype

9. test & acceptance
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current MN ongoing activity

[ thanks to JL Raymond ! ]
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The end ...



