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SCIENTIFIC MOTIVATION
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JEDI Collaboration (2011) – Juelich Electric Dipole moment Investigations

§ EDM is a vectorial property aligned with the particles’ spin

§ EDMs of fundamental particles are CP violating

§ Matter Antimatter Asymmetry remains a mystery

§ According to A. Sakharov: CP Violation is needed

§ Existence of an axion leads to an additional oscillating EDM 

component

§ Axion could explain the strong CP - problem

§ Axion are potential candidate for Dark Matter
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AXION SEARCH
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§ Constraints for the axion gluon coupling:

§ Permant EDM component 𝒅𝐃𝐂:
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COSY - COOLER SYNCHROTRON (1993 – 2023)
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Overview

§ Circumference 184 m

§ Accelerate and Store Polarized / Unpolarized Deuterons

and Protons

§ 𝑝 = 0.3 − 3.7 GeV/c 

§ Excellent Beam Quality 

§ Hadron Physics / Precision Experiments
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MEASUREMENT PRINCIPLE 
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=𝑛§ Measure influence of EDM on beam polarization

§ Injection of vertically polarized deuteron beam

§ Rotate polarization into accelerator plane

§ COSY: Magnetic Ring → Polarization Vector precesses 

around invariant spin axis "𝑛
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MEASUREMENT PRINCIPLE 
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Beam direction

=𝑛§ Measure influence of EDM on beam polarization

§ Injection of vertically polarized deuteron beam

§ Rotate polarization into accelerator plane

§ COSY: Magnetic Ring → Polarization Vector precesses 

around invariant spin axis "𝑛

§ Non-zero EDM: Tilts "𝑛 in radial 𝑥 direction by ϕEDM (no 

longitudinal effect expected)

§ Goal: Determination of the orientation of "𝑛
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MEASUREMENT PRINCIPLE 
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Beam direction

Simulations

=𝑛§ Measure influence of EDM on beam polarization

§ Injection of vertically polarized deuteron beam

§ Rotate polarization into accelerator plane

§ COSY: Magnetic Ring → Polarization Vector precesses 

around invariant spin axis "𝑛

§ Non-zero EDM: Tilts "𝑛 in radial 𝑥 direction by ϕEDM (no 

longitudinal effect expected)

§ Goal: Determination of the orientation of "𝑛

§ Problem: Ring imperfections (magnet misalignments,..) 

lead to rotations of "𝑛 in radial (𝑥) and longitudinal (𝑧) 

direction

Systematics
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MEASUREMENT PRINCIPLE
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MEASUREMENT PRINCIPLE
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§ 𝐸 ⊥ 𝐵 ⊥ Beam → �⃗�# = 0

§ Rotational Device: 𝑛$%- Field can be rotated

around the beam pipe by 𝝓WF
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MEASUREMENT PRINCIPLE 

=𝑛 𝑛
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WF On



MEASUREMENT PRINCIPLE 
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WF On
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MEASUREMENT PRINCIPLE 
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PRELIMINARY RESULTS
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O(1 mrad) 

O(0.1 mrad)
We are missing something!

§ Bmad simulation of the experiment (M. Vitz) 

§ Includes current understanding of (misaligned) magnets in 

COSY

§ Simulations predict tilts of the invariant spin axis not larger 

than O(0.1mrad)

§ Measured angles are an order of magnitude too large!

Beam direction

Simulations

Systematics

1 mrad H≈ 10)@*𝑒 ⋅ cm



SUMMARY
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§ EDM as a source of CP violation

§ Measure influence of EDM on beam polarization

§ Orientation of Invariant Spin axis directly relates to EDM 

strength

§ Order of magnitude is too large

Beam direction

Simulations

Systematics
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