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nEDM collaboration at PSI
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Motivation: CP violation
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→ A discovery or a highly improved 
constraint could contribute to our 
understanding of the baryon 
asymmetry of the universe.

→ Excellent probe for constraining the 
parameter space of theory models 
beyond the Standard Model. 

A nonzero particle EDM 
violates T, P and, assuming  
CPT conservation, also CP
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Brief history of nEDM
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[1] E.M. Purcell, N.F. Ramsey, Phys Rev 17, 807 1950
[2] R. Golub, S. Lamoreaux Phys Rep 237, 1, 1-62
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PSI UCN Source
Bison et al. EPJ A 56 (2020) 33

Poster I. Rienäcker at PANIC2021

Ultracold - storable neutrons (UCN)
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Total reflection - material dependent 
Ni, Ni58, Be, DLC, steel 

VF = 180 - 300 neV
(neutron optical potential)

60 neV T-1

magnetic
Vm = -B Vg = mngh

gravity

100 neV  m-1

UCN (< 250 neV)   < 7 m/s   > 500 Å
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nEDM experiment principle
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Difference of UCN precession frequencies in parallel/anti-
parallel B and E fields:

     BBμEEdhΔ nn 22f 

dn൏ 1024 e cm f  < 10 Hz at 10 kV/cm B < 0.2 pT at 1T

2 measurements example:
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Apparatus
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11 kV/cm

~ 1T
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NEW: Improved magnetometry
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Abel C et al. Phys. Rev. A 
101 (2020) 053419

Magnetic-field uniformity: Abel C et al. Phys. Rev. A 99 (2019) 042112 

Compensate and correct for  
magnetic-field changes:

199Hg co-magnetometer
array of optically pumped cesium 
vapor magnetometers
offline B-field mapping

Abel C et al., arXiv: 2103.09039v2 (2021)
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The Ramsey technique
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The Ramsey technique
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Ramsey resonance curve

Sensitivity:

 Visibility of resonance
E Electric field strength
T Time of free precession
N Number of neutrons
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Ramsey pattern analysis
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Data taking strategy: Abel C et al. EPJ Web of Conferences 219, 02001 (2019)
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Data-Blinding
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Concept: add 
an E-field 
dependant 
shift to the 
neutron 
frequency by 
moving counts 
between 
detectors

First nEDM 
measurement 
using data 
blinding

Ayres NJ et al. 
EPJ A 57
(2021) 152 
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Compensation and shifts
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Compensation for 
residual magnetic-field 
fluctuations and drifts

High-voltage
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Crossing point analysis
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: v × E contribution

shifts
R

Gravitational shift:

𝛿ୈୟ୪ୱୣ
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Systematic effects
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Total systematic error 0.18 x 10-26 e cm

(x10-28 e cm)

Constrained with 
measurement at PTB 
Berlin

Cs Magnetometers 
on HV electrode

Dedicated mapping 
measurements

Not anticipated at 
design, considered 
in n2EDM

dx,Rx
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Final result

New measurement: 
0.0 േ 1.1ୱ୲ୟ୲ േ 0.2ୱ୷ୱ ൈ 10ିଶ e cm

|dn | < 1.8 ൈ 10ିଶ e cm (90% CL)
C. Abel et al. PRL 124, 081803 (2020)

Previous measurement: 
ሺെ0.2 േ 1.5ୱ୲ୟ୲ േ 1.0ୱ୷ୱሻ ൈ 10ିଶ e cm
|dn | < 3 ൈ 10ିଶ e cm (90% CL)

J. M. Pendlebury et al. Phys. Rev. D 92, 092003 (2015)

16
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Next: n2EDM for ିଶ e cm
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The design of the n2EDM experiment: Ayres NJ et al. Eur. Phys. J. C  81 (2021) 512 
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Comparison: nEDM & n2EDM
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 two chambers

Poster S. Emmenegger PANIC 2021
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Conclusion

The measurement of a permanent electric dipole moment of the 
neutron, a CP-violating observable, is one of the most important 
experiments at the low energy frontier of particle physics

New result of the nEDM collaboration at PSI:  
0.0 േ 1.1ୱ୲ୟ୲ േ 0.2ୱ୷ୱ ൈ 10ିଶ e cm, our systematic error is a factor 5 

improvement on previous measurement

Next phase n2EDM: 
a sensitivity of 1 ൈ 10−27 e cm will be reached after 500 days of data taking
possible future modifications are expected to lead to a sensitivity well within the 
10−28 e cm range

19
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Thank 
you

nedm.web.psi.ch 


