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Neutrons with energy < 200
neV, are totally reflected by
material walls.

They can be stored in material
bottles for long times (minutes).

They are significantly affected by
gravity.

Neutron optics, cold and ultracold neutrons
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Thermal neutrons, E=25 meV

Cold neutrons, E<25 meV

Ultracold neutrons E< 200 neV



Electric Dipole Moments and T symmetry
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The existence of an electric 
dipole violates the T symmetry 
and therefore the CP symmetry

 𝐻 = −𝜇𝑛 𝐵  𝜎𝑧 − 𝑑𝑛 𝐸  𝜎𝑧

𝑓𝐿 ↑↑ − 𝑓𝐿 ↑↓ = −
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History of the UCN nEDM apparatus

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Move of the apparatus at Paul 
Scherrer Institute (PSI)

ILL data production PSI data

Dismantling nEDM
n2EDM construction starts

UCN source startup & 
nEDM upgrade

Best limit: 𝑑𝑛 < 3 × 10−26 𝑒 cm

[Baker et al, PRL (2006)

Pendlebury et al, PRD (2015)]

Goal: 𝜎𝑑𝑛 < 1 × 10−27 𝑒 cm



Bouncing neutrons: quantum states
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The vertical motion is a 
simple quantum well problem

−
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We want to test Enstein’s equivalence 
principle for a quantum particle in a 
classical gravity field. 



The GRANIT instrument at ILL: UCN source + spectrometer
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New generation source
production of UCNs in superfluid He
Cooled down to 0.7 K

Main bottom mirror, 25 cm long

absorberSemi diffusive slit

127microns

Copper 
volume

Considerable involvement of LPSC technical departments



Developments of position sensitive UCN 
detectors with LPSC plasma group
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UCN valve closed

(Background)

UCN valve open

July 2016 testing the filter

W wire diameter 6 µm



Perspectives 2020 - 2030

8

The nEDM collaboration

GRANIT

A team of ~5 physicists and ~2 IT

Started in 2006.
First UCNs in 2013

Scientific exploitation starting 2018

Precision experiments involve relatively small teams, but develop over 
long periods of time and require interdisciplinary research.

nEDM 

A collaboration of ~50 physicists and ~20 IT

nEDM started in ~1980 at ILL, 2009 at PSI. 
n2EDM construction starts 2017
First EDM runs foreseen in 2020

Exploitation : 2020 - 2030

Possibility for even longer term: measure the 
proton EDM in storage rings. Scientific 
connection with the LPSC accelerator group.



T = 300 GeV

T ≃ 100 GeV

T = 20 GeV

symmetric phase
𝝓 = 𝟎

boiling

broken phase
𝝓 ≠ 𝟎

Scientific vision within ENIGMASS+10
CP violation and baryogenesis

99

1015 GeV
Inflation ends?

100 GeV
Electroweak 

transition

1 MeV

1 eV
Decoupling 

of  CMB

1 meV
Today

Sakharov’s Baryogenesis recipe 
(1967)

• Baryon number not conserved

• Universe out of equilibrium

> Higgs self coupling

• Violation of CP symmetry

> nEDM, pEDM

Other possibility: 
leptogenesis
Probed by CP violation in 
neutrinos



Scheme of the 
apparatus at PSI
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SWITCH

Iron analyser

5T polarizer
(SC magnet)

UCN source

Mercury lamp

photomultiplier

High voltage,  E = ±  132 kV 12 cm

Spin flipper

4 layers mu-metal shield



Typical measurement sequence at PSI, 1 cycle every 5 minutes
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The mercury co-magnetometer compensates for the 
residual magnetic field fluctuations

Uncorrected 
neutron frequency

Mercury-corrected
neutron frequency

𝑓n =
𝛾𝑛
2𝜋

𝐵

𝑓Hg =
𝛾Hg

2𝜋
𝐵

𝑓n
corr ∝

𝑓𝑛
𝑓Hg



Analysis of the 2015/2016 PSI data is still congoing
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dFalse ∝ 𝑥𝐵𝑥 + 𝑦𝐵𝑦

Relativistic Hg false EDM

Gravitational shift

𝛿𝑅 ∝
dBz

dz

𝑑× = 14.6 ± 1.1 × 10−26𝑒 cm

Preliminary blind result

𝑅corr =
𝑓𝑛
𝑓Hg

−
𝛾𝑛
𝛾Hg

∓𝛿Earth +
𝐵𝑇
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UCN source at the 
Paul Scherrer Institute
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600 MeV, 2.2 mA

pulsed UCN source 
One kick per 5 min
online since 2011



Finally a worldwide comparison of UCN sources
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Diter Ries standard stainless steel bottle



Next phase: n2EDM. 
2 chambers in a colossal 
magnetic shield



Performance de la source

Storage time inside the source

UCN production volume 
filled with Superfluid 4He

BeO walls

Stainless steel 
extraction tube

titanium 
vacuum 

window (10 
microns)

Source 
valve
(cold)

UCN counter : aluminum window


