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Motivation and Methodology
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Physics case

Addressed issues

Preponderance of matter over antimatter

Nature of Dark Matter (DM)

Experimental approach

Measurements of static Electric Dipole Moments (EDM) of fundamental particles.

Searches for axion-like particles as DM candidates through oscillating EDM
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Electric Dipole Moment (EDM)

Permanent separation of + and - charge

Fund. property of particles (like mag. moment, mass, charge)

Possible via violation of time-reversal (T) and parity (P)
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EDM meas. test violation of P and T symmetries (CPT
= CP)
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CP-violation & Matter-Antimatter Asymmetry

Matter dominance:

Excess of Matter in the Universe:

observed SM prediction
η =

nB−nB
nγ

6× 10−10 10−18

Sacharov (1967): CP-violation needed for baryogenesis

⇒ New CP-V sources beyond SM needed

Could show up in EDMs of elementary particles
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Static EDM upper limits

Direct EDM measurements missing
No direct measurements of electron: limit obtained from (ThO molecule).
No direct measurements of proton: limit obtained from 199

80 Hg.
No measurement yet of deuteron EDM.

Theory:

EDM of single particle not suffcient to identify CP violating source

J.M. Pendlebury: "EDM has killed more theories than any other single experiment"
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Axion Dark Matter search with Storage Ring EDM method

Experimental limits for axion-gluon coupled oscillating EDM measurements
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Search for static EDM in storage rings

Storage ring method to measure EDM of charged particle

1 Inject beam of polarized particles in storage ring
2 Align spin along momentum (→ freeze horiz. spin-precession)
3 Search for time development of vertical polarization
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Achievements at the COSY Storage Ring
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Results from dEDM precursor experiment

EDM resonance strength map for εEDM

Includes tilts of invariant spin axis due to EDM and magnetic ring imperfections.

Preliminary result on static EDM

Determination of minimum via fit with
theoretical surface function yields:

I φWF
0 (mrad) = - 2.05 ±0.02

I ψsol
0 (mrad) = + 4.32 ±0.06

Extraction of EDM

1 Minimum determines spin rotation axis (3-vector) at RF WF, including EDM
2 Spin tracking in COSY lattice→ orientation of stable spin axis w/o EDM
3 EDM is obtained from the difference of 1. and 2.

EDM analysis presently focused on systematics

Data analysis close to final & EDM results in preparation.

Goal: Describe observed tilts of stable spin axis by spin tracking
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Bound on oscillating EDM of deuteron

Observed oscillation amplitudes from 4 bunches

90 % CL upper limit on the ALPs induced oscillating EDM

Average of individual measured points dAC < 6.4× 10−23 e cm

Lenisa (Ferrara) EDM SEARCH ESPP 11 / 18



Bound on axion-nucleon coupling

Limits on axion/ALP neutron coupling from the Particle Data Group

It includes the result from the JEDI collaboration
I S. Karanth et al., Phys. Rev. X 13 (2023) 031004
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Next steps
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Objective: construction of a dedicated SR for EDM studies

Possible approaches

Staged approach

One step approach
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Stage 2: prototype EDM storage ring

100 m circumference

p at 30 MeV all-electric CW-CCW beams operation
Frozen spin including additional vertical magnetic fields

Challenges

All electric & E-B combined deflection
Storage time
CW-CCW operation→ next slide

I Orbit control
I Control of orbit difference

Polarimetry
Spin-coherence time
Magnetic moment effects
Stochastic cooling

Objectives of PTR

Study open issues.
First direct proton EDM measurement.
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Stage 3: precision EDM ring

500 m circumference (with E = 8 MV/m)

All-electric deflection

Magic momentum for protons (p = 707 MeV/c)

Challenges

All-electric deflection

Simultaneous CW/CCW beams

Phase-space cooled beams

Long spin coherence time (> 1000 s)

Non-destructive precision polarimetry

Optimum orbit control

Optimum shielding of external fields

Control of residual Br fields

"Holy Grail" storage ring (largest electrostatic ever conceived)

Lenisa (Ferrara) EDM SEARCH ESPP 16 / 18



Conclusions
EDM searches in Storage Rings

Outstanding scientific case with high discovery potential
Key developments in accelerator technology

Fundamental achievements at COSY
Spin-control tools
First measurement of (static and oscillating) deuteron EDM

Next steps

Feasibility study of a pure electrostatic EDM proton ring

Possible approches
I Staged approach
I Direct approach

Excellent opportunity
Interdisciplinary impact

I Fundamental and particle physics
I Astroparticle and hadron physics
I Accelerator and data science
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Implementation in the ESPP document
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