




Preconditions needed to explain it:

Baryon number violation

C and CP violation

Thermal non-equilibrium in the early Universe

Sakharov (1967)







The observable quantity: 

Energy of electric dipole in electric 'eld 

Energy of magnetic dipole in magnetic 'eld 









For charged particles: 
→ apply electric 'eld in a storage ring

Simpli'ed case:

Build-up of vertical polarization 

by slow precession







R&D with deuterons
p = 1 GeV/c
G = -0.14256177(72)
ν
s
≈ -0.161  →  f ≈ 120 kHz



119, 014801 (2017)



E* 'eld tilts spin due to EDM 
50% of time up 
50% of time down



Wien Filter: introduces B and E 'eld oscillating with radio frequency 

Lorentz force vanishes: no eBect on EDM rotation

E
ect: Adds extra horizontal precession

Wien Filter has to be always in phase with the horizontal spin precession!

Feedback system developed and tested: Phys. Rev. Lett., 119, 014801 (2017)

Resonant frequency controlled, precession of spin phase locked 









Reaction: dC elastic scattering  

Up/Down asymmetry     horizontal component of polarization P
x

Right/Left asymmetry    vertical component of polarization P
y





→ Full φ coverage

→ θ range 4° - 17°







EDMs of elementary particles key for understanding 
sources of CP violation 
→ explanation of matter – antimatter imbalance 

Principle of experiments – measurements of spin 
precession in magnetic 'eld
EDM of charged particles measured in storage rings

COSY: ideal starting point for R&D and a pre-cursor 

experiment with Wien Filter method





Discrete

A physical model is symmetric under a certain operation 

→ if its properties are invariant under this operation

T-symmetry: t → -t

P-symmetry: r → -r

C-symmetry: particle-antiparticle interchange

CPT conserved





No direct measurement
Disentangle the fundamental source(s) of EDMs















PRL 115, 094801 (2015)







Goal: Maintain resonance frequency and phase between spin precession and Wien 'lter

→ keep precession frequency stable

→ match frequency and phase to Wien 'lter

PRL, 119, 014801 (2017)

Test at COSY:

control spin tune via COSY rf: 

control phase to external frequency 

by accelerating/decelerating spin precession




