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Experiments on Neutron EDM

The nEDM collaboration @PSI

C. Abel et al., Phys. Rev. Lett. 124 (2020), 081803

Neutron EDM measured by the nEDM collaboration (2020): 

Collaboration meeting May 2023, Krakow

Collaboration meeting May 2022, PSI

← The next goal: 

The nEDM apparatus
and the IN2P3 team (FR) 
at PSI in 2019
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Experiments on Neutron EDM

The PanEDM collaboration @ILL, Grenoble

Collaboration meeting May 2023, Krakow

← The next goal: 

n2EDM
PanEDM

LANL
TUCAN

about 25 members
4 countries
8 institutions

PanEDM experiment at 
SuperSun UCN source at ILL

Many people contributed,
Over 40 student theses!



Experiments on Neutron EDM

The Los Alamos National Laboratory nEDM Experiment 
@LANL UCN facility, USA

Collaboration meeting May 2023, Krakow

← The next goal: 

n2EDM
PanEDM

LANL
TUCAN

about 15 members
5 institutions



Experiments on Neutron EDM

TRIUMF Ultra-Cold Advanced Neutron (TUCAN) Collaboration, 
@TRIUMF, Canada

Collaboration meeting May 2023, Krakow

← The next goal: 

n2EDM
PanEDM

LANL
TUCAN

12 institutions:
Canada & Japan



Dipole moments as couplings of the spin to the 
Magnetic field (MDM) and Electric field (EDM)

Precession of the spin around 𝑩

How to measure nEDM?
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How to measure nEDM?

The actual upper limit (2020)

C. Abel et al.   Phys. Rev. Lett. 124, 081803
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Historical overview: the main milestones

C. Abel et al., Phys. Rev. Lett. 124 (2020), 081803

Neutron EDM measured by the nEDM collaboration (2020): 

← The next goal



Apply oscillating m.field ꓕ B0

Neutron spin ‖ B0

Let precess for 180 s

Again apply oscillating m.field ꓕ B0

Obtain neutrons with spin either UP or DOWN,
Count the number of each, which depends on fn

Ramsey’s method of separated oscillating fields



Asymmetry: 𝐴 =
𝑁↑ − 𝑁↓
𝑁↑ + 𝑁↓

Example, nEDM experimental data (2017):
each point is a measurement cycle with a precession time of T = 180s performed
with the nEDM apparatus (single-chamber),

the magnetic field: B0 = 1036.3 nT
which corresponds to a
Larmor precession frequency of 30.2235 Hz.

The asymmetry as a function of the applied frequency

The maximal sensitivity is obtained for 
cycles measured at A = 0 where the slope 
of the resonance curve is highest. 

Ramsey’s method of separated oscillating fields



C. Abel et al., Phys. Rev. Lett. 124 (2020), 081803

Neutron EDM measured by the nEDM collaboration (2020): 

← The next goal

Historical overview: the main milestones



First neutron EDM experiment

Historical overview: the main milestones



First UCN nEDM experiment

Historical overview: the main milestones



Stored UCN

Historical overview: the main milestones



A sequence of nEDM data (2016)

HV polarity: +/- or 0

fn is affected by drifts of the magnetic field!

Solution:

Mercury co-magnetometer

Polarized 199Hg atoms precess in the same chambers

Simultaneous measurement of fn and fHg

fHg measurement principle: 
a UV probe beam transverses the chambers 
→ record the absorbtion of the light (an oscillating signal), 

extract fHg

Drift of the magnetic field!

Historical overview: the main milestones



Stored UCN
Hg co-magnetometry

Historical overview: the main milestones



Towards greater sensitivity



Experimental challenges (stat and syst)

Requirements for the magnetic field for n2EDM as an example



Detected a magnetic piece! (July 2021)
A very clear evidence of a presence of a magnetic element 
inside the flange located on the bottom surface of the 
vacuum vessel. The middle and the lowest z-position ring 
scans.

The magnetic field mapper at n2EDM

Experimental challenges (stat and syst)

Example illustration (for kids):



Coil system installation at n2EDM: moving by mm’s – tuning pT’s !
Map type:

The first vertical map after the installation of the B0 coil
showed a deviation in the 1st-order gradient 𝑮𝟏,𝟎.

𝑮𝟏,𝟎 = −𝟏𝟗. 𝟗 𝐩𝐓/𝐜𝐦 – compatible with a vertical shift of 
the entire coil system with respect to the MSR by ∆𝒛 = 𝟑𝐦𝐦

The values of 𝑮𝟏,𝟎 shown for each polarity of the B0 coil are the averages of the

values of 𝑮𝟏,𝟎 after degaussing in L6 and L6-crossed configurations.

Evaluation of the vertical shift value in order to get
the 𝑮𝟏,𝟎 gradient within the desired range

3 mm

down!

An example of a vertical scan of the Bz field component in initial B0 coil position. 

Requirement 
on field production (B0 coil):

−𝟎. 𝟔 𝐩𝐓/𝐜𝐦 < 𝑮𝟏,𝟎 < 𝟎, 𝟔 𝐩𝐓/𝐜𝐦
“Top-Bottom resonance matching condition”

(maximum permitted vertical gradient of the magnetic field)

Experimental challenges (stat and syst)



Towards greater sensitivity



n2EDM@PSI, Switzerland

TUCAN @TRIUMF, Canada

PanEDM@ILL, France

Towards greater sensitivity

LANL, USA

~𝟏𝟎−𝟐𝟕𝒆𝒄𝒎



Towards greater sensitivity

nEDM@SNS, USA

(Spallation Neutron Source
at Oak Ridge National Laboratory)

Concept:
R. Golub & S. K. Lamoreaux,
Phys. Rep. 237, 1 (1994)

~𝟏𝟎−𝟐𝟖𝒆𝒄𝒎



Central part of the PanEDM experiment

 Double chamber Ramsey interferometer at

room temperature

 Simultaneous measurement for the “↑↑”

and “↑↓” configurations

 Magnetic shielding: 6×106 @1mHz


199Hg and Cs magnetometers

 UCNs: 80neV allowing for high statistics

PanEDM@ILL status and outlook



Ongoing installation of parts, 
commissioning with UCN in progress since 2023

• Characterization of the UCN spectrum: ongoing.
• Neutron guiding system produced and being tested.
• Three-way switch upgrade in progress.
• Magnetic field mapping will be resumed during 

the reactor shutdown.
• Infrastructure (IT, electrics…) revision.
• New effort on simulations of 

the UCN transport (Geant4).

SuperSUN-PanEDM Interface

PanEDM@ILL status and outlook

Three-way switch 

Coil system

Guide Manifold 
tests at SUN2@ILL



Thank you!

“Almost there…”

Photos from Trento, Villa Tambosi, March 2024
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