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Why the muon electric dipole moment?



Puzzles in Particle Physics?
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Sakharov conditions:
• Baryon number violation
• C and CP violation
• Departure from thermal equilibrium



CP Violation

electric dipole moments (EDM) of fundamental particles are CP violating
Standard Model sources:

• phase of CKM matrix ఓ
ିସଶ [1]

• strong CP angle (QCD) ఓ
ିଷହ

 ∼
ழ [1]

→ insuƯicient to explain excess of matter
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→ EDMs good probes for new physics
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Muon EDM

In effective field theory
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Present and future limits on 𝑑ఓ
[2]

At PSI measure muEDM in a storage ring using the frozen-spin technique
• 𝝁
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ି𝟐𝟑
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Measuring MDM and EDM in a storage 
ring



Magnetic Dipole Moment
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Larmor precession with Thomas precession
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Electric Dipole Moment

8

Additional precession

௔ ௘ ଶ

௤ ఎ

ଶ௠

ா

௖

ఊ௖

ఊାଵ

ఓ



Frozen-Spin Technique
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Tuning the electric field
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→ Spin precession only due to EDM



Measuring the muEDM
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𝑃: initial polarization
𝐸஻

ᇱ = 𝑐𝛽𝐵𝛾: Boosted B
𝑁: detected eା

𝜏: μ life-time
𝛼: analysis parameter

• asymmetry precession too slow
• change of asymmetry with respect to time

• optimize sensitivity by maximizing 
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The muEDM experiment



𝑒ା

𝜇ା

muEDM setup in Geant4[4-6]
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electrodeskicker coil
solenoid bore

heat shield weakly focusing coil

entrance trigger
system

end cap detector
correction coils

positron detectors

beamline 



Background Signals
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#
eା
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background events

storage efficiency 0.4% rest background events
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Outlook



Outlook

• Preliminary Results for the Injection Studies at Low Magnetic Fields for the 
muEDM Experiment by Diego Alejandro Sanz Becerra

• future measurement campaigns
 study possible effects on detector signals due to kicker pulse

 characterize muons trajectory
 injection through superconducting channels

 store muons on stable orbit

• first muEDM measurement in 2026

• Posters
 Detector system to study early-to-late stability of the muEDM experiment by Chavdar 

Dutsov

 Electric and magnetic field studies towards muon storage in the search for a muon 
electric dipole moment by Timothy Hume
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Thank you!
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Backup



CP Violation

→ electric dipole moments (EDM) of fundamental particles 
are CP violating
Standard Model contributions:
• phase of CKM matrix ௘

ିସସ

• strong CP angle (QCD) ௘
ିଷ଼

 ∼
ழ

→ insuƯicient to explain excess of matter
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→ EDMs good probes for new physics



-term in QCD

• ௤ (chiral transformation ᇱ ௜ఈఊఱ/ଶ )

• Induces a neutron electric dipole moment 
௡

ିଵ଺

• With experimental limit on ௡ giving ∼
ழ ିଵ

• Hadronic light-by-light diagrams give dominant contribution to lepton EDMs[1]
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possible term due to QCD topological structure

*Tanmoy Bhattacharya, Vincenzo Cirigliano, Rajan Gupta, Emanuele Mereghetti, and Boram Yoon.Contribution of the QCD 𝜃-term to the 
nucleon electric dipole moment. In: Physical Review D 103.11 (June 2021)



Magnetic Dipole Moment
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Larmor precession Thomas prec relativistic

Cyclotron frequency

Spin precession due to anomalous magnetic moment
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Angle due to EDM precesseion
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Fractional   e
ାenergy



Muon Beamlines

Phase I

• ఓ
୑ୣ୚

ୡ

• Flux ଺ ା

• ఓ
ିଶଵ

Phase II

• ఓ
୑ୣ୚

ୡ

• Flux ଼ ା

• ఓ
ିଶଷ
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G4beamline Optimization

• simulation runs for different sets in the parameter space
• surrogate model to optimize for storage efficiency and heat output
• for optimized parameters achieved storage efficiency
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Talks and Posters

Talks
• Preliminary Results for the Injection Studies at Low Magnetic Fields for the 

muEDM Experiment by Diego Alejandro Sanz Becerra

Posters
• Detector system to study early-to-late stability of the muEDM experiment by 

Chavdar Dustsov
• Electric and magnetic field studies towards muon storage in the search for a 

muon electric dipole moment by Timothy Hume
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