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Goals

 Provide additional shielding below 1 Hz

 Provide good environment for the MSR

Challenges

 Spatial constraints  very close to biological

shielding

 Thermal power

 Feasability/man power
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Need for an Active Magnetic Shielding
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Working Principle of an Active Magnetic Shielding

Readout of Fluxgates

Proportionality constants

Currents in the coil

External field
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Simple Coil Design

Inputs: 

 Grid

 Target fields 

 Points of interest (POI’s)

Method following: 

“ A Simple Method for Coil Design”

M. Rawlik et. al.

American Journal of Physics 86, 602 (2018)

«Every field we can create – we can also compensate»
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Simple Coil Design
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Prototype in the ETH Lab
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Prototype Winding Plans
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Characteristics:

 8 coils

 50 uT and 20uT/m

Current investigations:

 sensor positioning

 shielding Factor: 15-20

 stability measurement

Findings

 mistakes are common!

 good plans are needed
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Proof of Concept

mapping

simulation
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Mapping Campaign
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x y z 1 2 3 4 5

COMET 4.2 -3.2 -12.5 -5.3 -3.9 -0.4 8.9 -8.0

SULTAN -34.0 41.2 4.4 -8.4 8.4 -0.2 1.2 -2.1

COBRA 3.8 -5.2 0.4 -2.5 2.6 1.9 -0.2 0.6
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Mapping Results

μT scaled with 5m

in μT 
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Target Fields:

 50 uT (x-, y-, z-coil)

 5 uT/m (1st order

gradients)

 Cartesian Harmonics

decomposition

Specification
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n2EDM AMS Design

±1uT on the MSR surface
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Design Process – Connected Doors 

connected door

grid with openings

connected in series
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Performance

coil min/max ( μT)

x-coil -0.70/0.42

y-coil -0.33/0.39

z-coil -0.60/0.63

1st linear grad. -0.29/0.29

2nd linear grad. -0.36/0.42

3rd linear grad. -0.41/0.43

4th linear grad. -0.54/0.33

5th linear grad. -0.30/0.32

Designed to produce 50 μT

Designed to produce 5 μT/m
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Performance

𝐵𝑥 𝐵𝑦 𝐵𝑧
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 Length of wire for the whole 

system: ≈ 51 km

 Maximal number of wires per 

section: 227

 Power consumption for 

maximal current: 

7.25 kW

 Power consumption in SULTAN 

mode: 2.9 kW 

 Power consumption in COMET 

mode: 3.2 kW
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Characterisation

#simple loops Weight [kg]

x-coil 60 248

y-coil 70 327

z-coil 60 306

1st linear grad. 50 65

2nd linear grad. 70 80

3rd linear grad. 60 109

4th linear grad. 70 70

5th linear grad. 70 112

Total: 510 1.3 t
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Construction Process
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Construction Process
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Construction Process
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Outlook

Status: 4/8 coils

Ongoing Investigations:

• validation measurement

• sensor positioning

• DAQ
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Thank you for your attention!
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Design Process – Points of Interest

Horizontal slice through the AMS

Schematic view of the AMS

10cm

20cmperformance

evaluation points

POIs: input to the algorithm

𝑀

𝜆1
∗ Ԧ𝐼 = 𝐵

0

Regularization
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Backup – Decomopositions Cartesian Harmonics
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Construction Imperfetions

cable tray

cables

height 8cm

width 10 cm

Displacement: 

Min/Max Std

Full current -1.7/1.5 0.25/0.17

COMET mode -0.8/1.0 0.11/0.17

SULTAN mode -0.6/0.9 0.10/0.14

Bending: 

cable trayideal path of

the cable

path because of

bending

 No higher order residuals
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