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If 𝑑𝑛 ≠ 0 the process and its time 
reversed version are different.  
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EDM: coupling between spin and E-field
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Smith, 
Purcell, 
Ramsey 

The neutron EDM is still zero

Best limit: nEDM @PSI 
Abel et al, PRL 124, 081803 (2020)

𝑑𝑛 < 1.8 × 10−26 𝑒 cm

Design sensitivity range of 4 experiments 
n2EDM @PSI, panEDM @ILL, LANL EDM, tucan @TRIUMF

under construction now

Design sensitivity EDM@SNS, starting 2028 

CKM background uncertain, possibly 10-31 e cm 
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Basics of nEDM measurement

2𝜋𝑓 =
2𝜇𝑛
ℏ

𝐵 ±
2𝑑𝑛
ℏ

|𝐸|

If 𝑑𝑛 = 10−26 𝑒 cm and 𝐸 = 11 kV/cm
one full turn in a time

𝜋ℏ

𝑑𝐸
= 𝟐𝟎𝟎 𝐝𝐚𝐲𝐬

Larmor frequency 
𝑓 = 30 Hz @ 𝐵 = 1 μT

To detect such a minuscule coupling

• Long interaction time
• High intensity/statistics
• Control the magnetic field
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Use big magnetic shielding• Long interaction time
• High intensity/statistics
• Control the magnetic field

+ Use quantum magnetometry

Use Ultracold neutrons

nEDM chamber storing 
neutrons during 180s

Neutrons with velocity <5m/s can undergo total 
reflection and be stored in material “bottles”

+ Use quantum magnetometry
With mercury and cesium atoms

𝑑𝑛 = 0.0 ± 1.1stat ± 0.2syst × 10−26 𝑒cm

Limited by the 
number of UCNs

Uniformity of 
the B-field
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The design of the n2EDM experiment, 
Ayres et al, EPJC (2021)

A large (Ø 80 cm) 
double-chamber 
UCN apparatus
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The design of the n2EDM experiment, 
Ayres et al, EPJC (2021)

Baseline design

n2EDM designed to improve the sensitivity by factor 10, 
with 500 data days, based on UCN source performance established in 2016
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n2EDM construction    Nov 2017 → → → Dec 2019
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Commissioning of the n2EDM 

Magnetically Shielded Room in 2020

The very large n2EDM magnetically shielded room with an exceptional performance for fundamental physics measurements, 
Review of Scientific Instruments 93, 095105 (2022)

• Setup and optimization of the degaussing
• Characterization of the remanent field
• Measurement of the shielding factors
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https://doi.org/10.1063/5.0101391
https://doi.org/10.1063/5.0101391


Active Magnetic Shield built in 2021
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n2EDM in 2021

Installation internal coil system
Delivery non-magnetic vacuum vessel
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B-field mapping campaign 2022

Installation of the mapper in the empty vacuum vessel
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Uniformity of the vertical B-field
𝐵𝑧(μT)Field map, 

B0 coil, no trimming
horizontal cut z=0

nEDM 2017 𝜎 𝐵𝑧 = 860 pT
In the precession chamber Ø 47 cm

n2EDM 2022 𝜎 𝐵𝑧 = 60 pT
In one chamber Ø 80 cm
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Production precession chambers

Ground electrodes

High voltage electrode
Insulator ring
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UCN transport and detection

UCN switch nearly operational 

4 UCN 
detectors 
operational
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Conclusions

n2EDM magnetically operational (MSR+B0)
• Big volume: 6 fold increased /nEDM
• Order of magnitude improved shielding factor
• Order of magnitude improved uniformity
=> Satisfies the requirements => Ready for physics! 

Ultracold neutrons 
transport,  storage, detection: 

most of it is ready for installation

Schedule: 
n2EDM ready for physics end of 2023


