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The EDM landscape 
 
The nEDM search 
 
A nEDM apparatus 
 
Some results  
 
The n2EDM project 
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I will discuss why we theorists always knew that you wouldn't find a non-
vanishing nEDM. Just in case you will measure one, it will also be discussed, 
why we theorists always knew that you would eventually find a non-
vanishing nEDM. 

Adrian SIGNER 
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SM predictions (strong sector) 

10 orders of magnitude 

BNL 
ORNL 
ILL 
PNPI 

SM predictions (weak sector) 

Strong CP problem 

QCD < 10-10 

Phase in the CKM matrix 
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C. R. Physique 13 168 (2012) 
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SUSY, the nEDM and the LHC  

SUSY CP problem 
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λn>>2 Å : 
Neutrons see the Fermi potential 

Kinetic 
energy 

Energy 
1 T  

Energy 
1 m 

Fermi 
potential 

β decay 

100 neV 100 neV 100 neV 100 neV  886 s 

Interactions 

Can be stored ! 

Neutrons reflected for all 
incidence angles: UCNs 
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UCN source 

Inelastic down scattering of 
cold neutrons (CN) into the 
UCN regime by one 
excitation of phonons and 
suppression of the up 
scattering by cooling the 
converter 
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The PSI-UCN source 
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Two concepts  

Room temperature 
 
• Proven technics 
• Known systematic effects 
• High sensitivity magnetometers 

 
 

VS 

In helium 
 
• Production of UCNs within the 

apparatus 
• Use of 3He co-magnetometer 
• Liquid He as insulator  
• Supraconducting shield 

nEDM@PSI 
n2EDM@PSI 
nEDM@FRM2 
nEDN@KEK-RCNP-Osaka 
nEDM@TRIUMF 
nEDM@ILL 
nEDM@Gatchina 
 

nEDM@LANL   nEDM@SNS 
    cryoEDM 
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Two concepts  

Room temperature 
 
• Proven technics 
• Known systematic effects 
• High sensitivity magnetometers 

 
 

VS 

In helium 
 
• Production of UCNs within the 

apparatus 
• Use of 3He co-magnetometer 
• Liquid He as insulator  
• Supraconducting shield 

nEDM@PSI 
n2EDM@PSI 
nEDM@FRM2 
nEDN@KEK-RCNP-Osaka 
nEDM@TRIUMF 
nEDM@ILL 
nEDM@Gatchina 
 

nEDM@LANL   nEDM@SNS 
    cryoEDM 
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f1 ≈fn 

f1 

The Ramsey’s method of separated oscillating fields 
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First limitation ….. Magnetic field fluctuations  
 

Mercury co-magnetometer (1998) 
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Magnetic stability 

• Active compensation 
• Improved degaussing procedure 
• Temperature stabilization 
• New current source 
• …  Afach et al., J. Appl. Phys. 116, 084510 (2014)  
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Vertical gradient 
~ 2 pT/cm daily variation 

Magnetic stability 



—18— 
N

ew
s fro

m
 th

e
 n

ED
M

g 
UCNs Mercury  

In the precession chamber 

PSI 2012 

B0 up             B0 down 

G 

A non perfect Co-magnetometer 
 
• Gravitational shift 

Δℎ =2,7 mm 

𝑅 =
𝑓UCN

𝑓Hg

=
𝛾n

𝛾Hg
1 ∓

𝜕𝐵

𝜕𝑧

Δℎ

𝐵0
+  …  



A non perfect Co-magnetometer 
 
• Gravitational shift 
• Adiabatic vs Non-adiabatic field sampling 
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𝑅 =
𝑓UCN

𝑓Hg

=
𝛾n

𝛾Hg
1 ∓

𝜕𝐵

𝜕𝑧

Δℎ

𝐵0
+

𝐵2
⊥

𝐵0
2 +  …  

Δℎ =2,7 mm 

UCNs:     Adiabatic regime  

199Hg: Non-adiabatic regime  

Field map using fluxgate  
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Gravitational enhanced depolarization and 

associated frequency shift 

P. G. Harris et al., Phys. Rev. D 89, 016011, (2014) 
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S. Afach et al., PLB 739, 128 (2014) 
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Submitted version available on arxiv 
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4 % above the expected 
sensitivity 

2013 data 

2013 data taking:  2867 cycles 
  25 days 
  2013 accumulated sensitivity 8.0*10-26 e.cm  
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Statistical sensitivity 
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• Two UCN precession chambers with opposite electric field directions 

• Improved magnetometry  Hg   – laser read out of Hg-FID to avoid light shift 

Cs    – vectorial 

3He  – free from geometrical phase shift 
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NET
=)σ(dn

2α

 
 
 
  

2.10-27 e.cm / 4 years 

→   work on improving (α,E,T,N) parameters 

4.10-26 e.cm / day 

Anticipated sensitivity  



—27— 
N

ew
s fro

m
 th

e
 n

ED
M

        Magnetic field 
 
• Cs and Hg magnetometers are complementary  
• Coherent picture for the magnetic field 
• Improved control on systematics effects 
• By-product: measurement of Hg and neutron gyromagnetic ratios 
 

        nEDM 
 
• We are taking data with a high sensitivity 
• We expect with 300 data-days until 2016 :  
   statistical sensitivity of   σ≲10-26 e⋅cm 
• n2EDM in R&D phase towards 2.10-27 e.cm  
 

Thanks 
Merci 
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2007 2014 

A growing team … getting oversea   



A non perfect Co-magnetometer 
 
• Gravitational shift 
• Adiabatic vs Non-adiabatic field sampling 
• Geometrical phase shift 
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Motional (transverse) field Magnetic transverse field 

Frequency shift correlated with electric field 

False EDM for Mercury (fast regime of GPE) 

Pendlebury et al, PRA 70 032102 (2004) 
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The analysis strategy (RAL/Sussex/ILL like) and associated systematic errors 

B down 

B up 

EDM 

Geometrical phase shift: frequency shift for particles in traps (large for the Hg atoms)  

And any shift of the neutron and/or Hg precession frequency linear with the E-field  
 Direct systematic effect 

𝑅 =
𝑓UCN

𝑓Hg

=
𝛾n

𝛾Hg
1 ∓

𝜕𝐵

𝜕𝑧

Δℎ

𝐵0
+

𝐵2
⊥

𝐵0
2

+  …  
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The analysis strategy (RAL/Sussex/ILL like) and associated systematic errors 

B down 

B up 

EDM 

Geometrical phase shift: frequency shift for particles in traps (large for the Hg atoms)  

At 1st order in gradients 

Indirect systematic 
effect due to local 
dipoles 

𝑅 =
𝑓UCN

𝑓Hg

=
𝛾n

𝛾Hg
1 ∓

𝜕𝐵

𝜕𝑧

Δℎ

𝐵0
+

𝐵2
⊥

𝐵0
2

+  …  

In the case of an inhomogeneous B-field  

Pignol et al, PRA 85 042105 (2012) 
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The analysis strategy (RAL/Sussex/ILL like) and associated systematic errors 

Geometrical phase shift: frequency shift for particles in traps (large for the Hg atoms)  

Residual systematic effect  
if different for B up and down  Indirect systematic effect 

B down 

B up 

R 

EDM 

𝑅 =
𝑓UCN

𝑓Hg

=
𝛾n

𝛾Hg
1 ∓

𝜕𝐵

𝜕𝑧

Δℎ

𝐵0
+

𝐵2
⊥

𝐵0
2 +  …  
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The analysis strategy (RAL/Sussex/ILL like) and associated systematic errors 
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The uncompensated B-Drift 

Search for Uncompensated  
B-drift due to sparks  

Search for Uncompensated  
B-drift due to charging current 
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𝑅 =
𝑓UCN

𝑓Hg

=
𝛾n

𝛾Hg
1 ∓

𝜕𝐵

𝜕𝑧

Δℎ

𝐵0
+

𝐵2
⊥

𝐵0
2

∓ 𝛿Earth + 𝛿Hg−lightshift  
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False EDM in the crossing point analysis 

Using the 2010 fluxgate maps 

Using the 2012 R curves alone 

A unique consistency check and demonstration of the quality 
of the magnetic field control 
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2014 preview  

USSA 
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2014 preview  

Simultaneous spin analysis: 
Increase in sensitivity on the nEDM 
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• Two UCN precession chambers with opposite electric field directions 

• Improved magnetometry  Hg   – laser read out of Hg-FID to avoid light shift 

Cs    – vectorial 

3He  – free from geometrical phase shift 

Sensitivity improvement  

from ~400fT → <100fT 

204Hg Lamp 

Laser  
199Hg F=1/2 
199Hg F=1/2 

Laser based Hg co-magnetometer 
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