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Magnetic field correction

100 pT

3.5 d
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Current nEDM experiment @ PSI

2m

magnetic shield

precession chamber 0.5 m

coil 1m
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Future n2EDM experiment

magnetic shield 5 m

coil 2.7 m

up to 1 m

precession chamber
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Magnetometer Overview

HV electrode

precession chamber n & Hg

Cs magnetometers

ground electrode

Hg readout
beams

ground electrode

50 cm

Hg comagnetometer
- Primary magnetic field reference

Cs magnetometer array
- Field homogenization
- Secondary magnetic field reference
- Monitor for fast field & gradient changes
- possible upgrade to vector readout

3He magnetometer array (upgrade)
- Absolute magnetometer
- Field homogenization
- Secondary magnetic field reference
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Allan Standard Deviation

time
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Neutron spin precession frequency

Statistical Magnetometer Performance

integration time 
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Neutron spin precession frequency

Statistical Magnetometer Performance

integration time 
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Laser Setup for the Hg Magnetometer 

UV
Laser

FREQUENCY
STABILIZATION

POSITION
STABILIZATION

Laser hut Thermohouse

Fiber to 
polarization

chamber

Magnetic shield of nEDM

Precession
chamber

PMT

Telescope

Polarizing beam splitter

MirrorLens

Non polarizing beam splitter Photo detector

l/2 plate

l/4 plate

Neutral density filter

Spatial filter

INTENSITY
STABILIZATION

Vacuum tank

UV transmitting window

9 m
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UV
Laser

FREQUENCY
STABILIZATION

POSITION
STABILIZATION

Laser hut Thermohouse

Fiber to 
polarization

chamber

Magnetic shield of nEDM

Precession
chamber

PMT

Telescope

Polarizing beam splitter

MirrorLens

Non polarizing beam splitter Photo detector

l/2 plate

l/4 plate

Neutral density filter

Spatial filter

INTENSITY
STABILIZATION

Vacuum tank

UV transmitting window

9 m

Laser Setup for the Hg Magnetometer 

Toptica FHG Pro
253 nm
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Hg Magnetometer Readout

Window 1 Window 2

time (s)
0 180

Window 1 : 20s

T2 : 100s

8 Hz
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Window 1 Window 2

time (s)
0 180

Window 1 : 20s
Window 2 : 160s
T2 : 100s

Hg Magnetometer Readout
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Neutron spin precession frequency

Statistical Magnetometer Performance

integration time 

310 s 410 s 1 d 10 d 100 d 500 d
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Statistical Magnetometer Performance

s(B) / fT
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False EDM due to gradient g10
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Gradient g10False EDM due to gradient g30
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Gradient g10False EDM due to gradient g30
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Gradient g10False EDM due to gradient g30
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False EDM through higher order gradients

Gradient extrac�on: Order 5: 48 DOF, Order 7: 80 DOF, Order 9: 120DOF
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57 Channel Cs Magnetometer Array

Optical multichannel room temperature magnetic field imaging system for clinical application
G. Lembke, S. N. Erné, H. Nowak, B. Menhorn, A. Pasquarelli, and G. B. Biomed. Opt. Express, 5(3):62–65, 2014.
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False EDM through cubic gradients
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All optical Cs Magnetometer 

A sensitive and accurate atomic magnetometer based on free spin precession. 
Z. D. Grujic, P. A. Koss, G. B., and A. Weis.  Eur. Phys. J. D, 69(5), 2015.
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Cs magnetometers with linear polarization

no light shift (?)

no magnetic cross-talk 

much less offset effect 

less sensitive
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selected best performance

selected drift-free segment

quiet segment 
with drift 0.7pT/h

segment with 
disturbances

6pT
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ASD with linear polarized light

800 fT Hz
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80 fT Hz
70 mm

A highly stable atomic vector magnetometer based on 
free spin precession, S. Afach, G. Ban, G. B., K. Bodek, 
et al. Opt. Exp. 23(17):22108-22115 (2015)

ASD with circular polarized light
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He Magnetometer 

Investigation of the intrinsic sensitivity of a 
3
He/Cs magnetometer. H.-C. Koch, G. Bison, 

Z. D. Grujić, W. Heil, M. Kasprzak, P. Knowles, 
A. Kraft, A. Pazgalev, A. Schnabel, J. Voigt, A. Weis
Eur. Phys. J. D 69: 262 (2015).

3He cell

eight Cs magnetometers

metastable exchange optical pumping

Design and performance of an absolute 
3
He/Cs magnetometer H.-C. Koch, G. Bison, 

Z. D. Grujić, W. Heil, M. Kasprzak, P. Knowles, 
A. Kraft, A. Pazgalev, A. Schnabel, J. Voigt, 
A. Weis. Eur. Phys. J. D  69:202 (2015)
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integration time 

310 s 410 s 1 d 10 d 100 d 500 d

-1610

-1510

-1410

-1310

-1210

-2810

-2710

-2610

-2510

-2410

s
(B

) 
(T

)

UCN

requirement

0.1 s 1 s 10 s 100 s

high sensitivity/stability 
Cs magnetometer

high accuracy Cs magnetometer

CsM accuracy goal: 500 fT

cycle
300s

field reversal
16800s

Statistical Magnetometer Performance

3high accuracy He magnetometer

s
(d

) 
(e

 c
m

 @
 E

=
1
5
 k

V
/c

m
)



G. Bison, nEDM Workshop October 2017    27

integration time 
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Theoretical PredictionsExperimental Limits & Plans

current nEDM 
experiment @ PSI

2015 & 2016

n2EDM: future nEDM 
experiment @ PSI

Theoretical data from  «Particle electric dipole moments»
J.M. Pendlebury & E.A. Hinds, NIM A 440 (2000) 471
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The nEDM Collaboration
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Backup
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y

x

Ramsey Bloch Siegert shift

UCN
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Ramsey Bloch Siegert shift due to magnetic gradients
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y

x

Ramsey Bloch Siegert shift due to motional B-fields
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False EDM

y

x

 EDM-like signal: proportional to 
the E-field and the B-field gradient

Pignol & Roccia, Phys. Rev. A 85, 042105 (2012)
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Detail: scalar Cs magnetometer

non-polarizing 
50/50 beamsplitter

high quality 
linear polarizers

k

monitor photodiode

probe photodiode
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Detail: Free Alignment Precession (FAP)

pump pulses for 30 ms

FAP signal

average probe power
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Filling the Precession Chamber

precession chamber

spin-polarized UCN

magnetic shielding + coils
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Filling the Precession Chamber

precession chamber

magnetic shielding + coils
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Filling the Precession Chamber

precession chamber

magnetic shielding + coils

Hg polarization 
chamber



G. Bison, nEDM Workshop October 2017    41

function
generator

Ramsey Cycle 
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Ramsey Cycle 

function
generator

Ramsey Cycle 
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Ramsey Cycle 

function
generator

Hg readout

UV light 
source
254 nm

PMT
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Ramsey Cycle 

function
generator
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Emptying the Precession Chamber

function
generator
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Neutron Detection

detector: count spin up 
and spin down neutrons

function
generator
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