Active stabilisation of a magnetic field for the nEDM experiment at PSI
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Measurements of the electric dipole moment of the neutron (nEDM) provide stringent limits on various standard model
extensions. The main challenge in these measurements is reaching a magnetic field stability on the picotesla level. The
stability may be greatly improved by putting the apparatus in the middle of a coil system that actively counteracts magnetic
disturbances. A new stabilisation system is being designed, with an unprecedented size of the stabilised volume.

The present nEDM active stabilisation system

The System Description of the System

dim 27, readouts of all sensors

dim 27x9, proportionality constants — encodes geometry
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dim 9, currents in the coils

dim 27, the external field

v l dim 27, the no-field goal
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The Feedback algorithm
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Performance \
60-987% attenuation at times >100s | 1]

Next generation system - coils design with large compensation volume

Coils as a vector space tile coil basis on a cuboid
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a tile coil basis on a square solve least-squares:
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Example 1: B, = homogeneous field Example 2: B, = arbitrary dipole
< 2%-level compensation volume 12 times larger compared to a Helmholz-pair [ 2] design of coils dedicated to known sources in the experimental hall
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one 3D coil — designed for a 50 uT homogeneous field XY section in the middle — achieved relative one 3D coil - designed for a dipole disturbance XY section in the middle — achieved

with 5x5 base tiles per face (1x1m) compensation of a homogeneous field (3 kKNm/T, 2.2 m away from the centre) relative compensation of the dipole field
with 5x5 base tiles per face
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