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The Basics - CP violation in EM

A non-zero particle EDM 

violates P, T and,

assuming CPT 

conservation, also CP.

EDM

CPV

Baryon asymmetry 

of the Universe

Arises ñnaturallyò in

beyond SM theories

Strong CP violation 

(—-term)
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A not so brief history of EDM searches

Ὠ ρȢψ ρπ ὩÃÍzz

Ὠ ρȢψ ρπ ὩÃÍz

*Bennett et al.,PRD80(2009)052008
** Abel et al., PRL124(2020)081803

Courtesy of Schmidt-WellenburgPhilipp

BNL g-2

n2EDM PSI
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The Basics - General limits on muon EDM

ÅMFV:  

Ὠᴺ ψȢυ ρπ ὩÃÍ

ÅContribution only starts at the 3-loop level* 

Ὠᴺ τ ρπ ὩÃÍ

ÅY. Emaet al., PRL128, 131801 (2022) 

Ὠ (Ç φ ρπ ὩÃÍ

Ὠ 4È/ ς ρπ ὩÃÍ

ÅA relatively large limitation within SM, from the hadronic long-

distance contributions:  

Ὠ ρȢσψρπ ὩÃÍ

ÅBennett et al.,  PRD80, 052008 (2009) 

Ὠ ρȢυ ρπ ὩÃÍ
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Muon dipole moments ïfreezing the spin at PSI
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The Experiment - The Signal

Å P: Initial polarization

Å EBô: cɓBɔ(Boosted B)

Å N: Detected positrons

Å Ű: Muon life-time

Å Ŭ: Analysis parameter

Å Asymmetry precession due to EDM is too slow.

Å The change of asymmetry with respect to time is relevant.

Å The sensitivity is optimized by maximizing ŬãN: (Figure-of-merit)
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The Experiment - The Muons
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The Experiment - Technical overview

Off-axis Injection 

tubes

Cryostat in 

vacuum

Vacuum cross 

for services

Magnet lifter

4K cryo head Å Muons injected through a superconducting (SC) 

channel 

Å Fast entrance scintillator triggers magnetic pulse 

that stops the longitudinal ɛ+ motion 

ÅWeakly focusing field for storage 

Å Thin electrodes provide an electric field for the 

frozen spin 

Å Scintillator detectors for decay e+ tracking 
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The Experiment - Layout

Frozen-spin 

Electrodes

CHeT(tracker) 

inner cylinders

Kicker-coils

CHeT(tracker) 

petals

CHeT(tracker) 

outer cylinders
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The Experiment - The Trigger detector

ÅDeveloped by Shanghai Jiao Tong University

ÅTrigger the kicker for storable muons 

Å~0.4% of the incoming ɛ are in the acceptance phase space 

ÅThin gate scintillator with active aperture as veto 

ÅGood performance in the 2024 beam test 

ÅAnti-coincidence efficiency: > 99%, Propagation delay < 5 ns 

Trigger detector prototype, TB2024

A good muon (With LVTTL)

Gate: Yes

Aperture: Yes

Gate: Yes

Aperture: No

A bad muon (Without LVTTL)
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The Experiment - Current status & plans

ÅDec 2025 beam-time: test (preliminary) components and 

assembly 

o Cryogenic injection

o Magnetic kick - can we store muons?

o Positron detection in the fiber detector prototype 

o Characterization of muon trajectory with TPC

o DAQ 

Å2026: Demonstration of the frozen spin techniques and first 

measurement of muEDM

PSI muEDM Collaboration Group
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Conclusion and outlook

ÅSearches of EDMs are sensitive to BSM and 
complementary to HEP

ÅThe muon EDM search is the only search using a 
bare particle

ÅThe PSI muEDM search demonstrates all essential 
techniques in a step-by-step approach

ÅIn the first phase we will demonstrate a sensitivity 
to a muEDM of better than τ ρπ ὩÃÍ

ÅPhase II welcomes collaborators and aims for
a sensitivity of φ ρπ ὩÃÍ
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The Basics - General limits

2018 calculations

Fermilab / J- PARC

PSI

BMW24

ÅMFV:  Ὠᴺ ψȢυ ρπ ὩÃÍ

ÅContribution only starts at the 3-loop level* 

Ὠᴺ τ ρπ ὩÃÍ

ÅY. Emaet al., PRL128, 131801 (2022) 

Ὠ (Ç φ ρπ ὩÃÍ

Ὠ 4È/ ς ρπ ὩÃÍ

ÅA relatively large limitation within SM, from 

the hadronic long-distance contributions:  

Ὠ ρȢσψρπ ὩÃÍ

ÅBennett et al.,  PRD80, 052008 (2009) 

Ὠ ρȢυ ρπ ὩÃÍ
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Muon dipole moments and frequencies
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[ *Chislett et al., EPJConf.118 01005(2016), Abi et al., PRL126 141801(2021), ** Abe et al., PTEP053C02 (2019)]

„Ὠ ρπ ὩÃÍFNAL* & JPARC** :

[Abi et al., PRL126 141801(2021)]
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The Experiment ïMagnetic Kicker
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The Experiment ïStorage Parameters

Å Using G4beamline and surrogate models, we optimized the storage efficiency of muons up to ~0.4 %.
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The Experiment ïSystematics

Summary of systematic effects for both phases of the experiment
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The Experiment - DAQ
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The Experiment ïInjection Channel

Bendable 

vacuum tube

Vacuum 

Chamber

Superconducting 

Injection tube

Cryo shield

Beam 

entrance

Flange for beam monitors 

feed-throughs
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The Experiment ïSuper Conducting Channel

Bending the NbTi /Nb/Cu sheets 

Sheets @PSI

Initial tests with steel sheets

Tested to shield up to ~3.1T @CERN 

NbTi/Nb/Cu multilayer shield for the 

superconducting shield (SuShi) septum 

D. Barna et al.

https://arxiv.org/abs/1809.04330

/ Holder design

Formed sheets
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The Experiment - CHeT (tracker) cylinders prototype

Å Developed by INFN PISA

Å Measure the direction and momentum of decay positrons 

Å Requirements 

o Momentum resolution: a few MeV

o Single hit resolution in transverse plane: ~ 1 mm

o Timing resolution: <1 ns (1 circle in the transverse plane takes Ó0.6 ns) 
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The Experiment - Sensitivity
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The Experiment ïMagnetic field


