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⋅𝐸𝐸 A non-zero particle EDM 

violates P, T and,
assuming CPT 

conservation, also CP.

CP violation & edm

EDM CPV

Baryon asymmetry 
of the Universe

Arises “naturally” in
beyond SM theories
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Muon dipole moments and frequencies
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[*D. Vasikova (MPI2025), **Abe et al., PTEP053C02 (2019)]

𝜎𝜎 𝑑𝑑𝜇𝜇 ≈ 10−21𝑒𝑒cm
FNAL*: 
JPARC**:
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set 𝐸𝐸 ≅ 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝛾𝛾2

Muon dipole moments –freezing the spin at PSI
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Frozen-spin potential at PSI: 𝜎𝜎 𝑑𝑑𝜇𝜇 < 6 ⋅ 10−23𝑒𝑒cm

Phase I: 𝜎𝜎 𝑑𝑑𝜇𝜇 < 4 ⋅ 10−21𝑒𝑒𝑒𝑒
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A not so brief history of EDM searches
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𝑑𝑑𝑛𝑛 < 1.8 × 10−26𝑒𝑒cm∗∗
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Lepton form factors and dipole moments
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General limits on 𝜇𝜇EDM

• MFV:  𝑑𝑑𝜇𝜇←𝑒𝑒MFV < 8.5 × 10−28𝑒𝑒cm
• Contribution only starts at the 3-loop 

level* 𝑑𝑑𝜇𝜇←𝑒𝑒 < 4 × 10−20 𝑒𝑒cm

• Y. Ema et al., PRL128, 131801 (2022)
𝑑𝑑𝜇𝜇 199Hg < 6 × 10−20 𝑒𝑒cm
𝑑𝑑𝜇𝜇 ThO < 2 × 10−20 𝑒𝑒cm

• Bennett et al., 
PRD80, 052008 (2009) 
𝑑𝑑𝜇𝜇 < 1.5 × 10−19 𝑒𝑒cm

*A.Crivellin, M. Hoferichter, PSW PRD 98, 113002 (2018) Page 7
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Leptoquark models with large muEDM

No signifcant tuning necessary
Page 8

Bigaran PRD105(2022)015002 Dermisek PRD108(2023)055019



 EDM ≠ 0 induces a vertical spin-precession 
out of the plane of the orbit.

 Build-up of longitudinal asymmetry with time, 
observed by recording decay positrons.

 If EDM = 0, spin “frozen” to the momentum 
change in asymmetry should be zero

 Some change in asymmetry could 
still be observed due to 
systematic effects

The general experimental idea

Page 9
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Search for a muon EDM using the frozen-spin 
technique with longitudinal injection
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high polarization 𝑝𝑝 ≈ 95%

• Injection through 
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• Weakly focusing field for 
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• Thin electrodes provide
electric field for frozen spin

• Scintillating fiber detector 
(CHET)
for 𝑒𝑒+- tracking 
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A phased approached 
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• Existing solenoid at PSI (max 5T)
• Bore diameters (200mm)
• Field was measured in 2022  

(found suitable for injection)

Phase 2 (dedicated magnet
muon momentum ≥ 125MeV/𝑐𝑐) 

Phase I (small solenoid, surface muons)  

• Large bore (at least 500 mm diameter)
• Defined gradient Δ𝐵𝐵/𝐵𝐵 = 1ppt

at R=140mm, btw center and injection

50
0 

m
m

100 mm
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courtesy: M. Seidel



HIPA – high intensity proton accelerator

17
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10
8𝜇𝜇

+/s

p -beam
p𝜋𝜋 = 220MeV
pion decay channel
(8m, 4-5T)

𝑝𝑝𝜇𝜇 = 125MeV/𝑐𝑐

𝜇𝜇𝜇𝜇1



• Large phase space at exit of beam,
collimated by passage through SC -shield 

• Due to adiabatic magnetic collimation large part 
of transmitted 𝜇𝜇+ are reflected.

• Simulations show, only about 0.4 × 10−3 muons 
can be stored

Injection and statistical sensitivity

𝜎𝜎 𝑑𝑑μ =
ℏ

2𝑃𝑃𝑃𝑃𝛽𝛽𝛽𝛽𝛽𝛽 𝑁𝑁 𝜏𝜏𝜇𝜇 𝛼𝛼

Page 19[A. Adelmann et al., EPJC85(2025)622]
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The Experiment - Technical overview

Off-axis Injection 
tubes

Vacuum box 
for services 4K cryo head

Field correction coils

Positron tracker
Scintillating fibers Radial electrodes

Fiber ports for 
~ 2000 DAQ channels

Weakly-focusing field
coil



• The 2025 in a nutshell: Construction, assembly and integration of ALL items (whole/partially, prototype/final version)
• A major milestone towards

•

• the final assembly of the experimental setup, the proof of the frozen spin technique and base sensitivity (2026) 

muEDM data taking (2027)

Current status
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Weakly Focusing 
Coil

Correction 
Coils Kicker Coil

Electrodes

Geant4 Implementation

25

Entrance Trigger 
System

Injection 
Tubes

Positron 
Detectors End Detector

Solenoid



Adjusting the 𝑬𝑬 −Field to freeze the spin

29.04.2026PSI Center for Neutron and Muon Sciences26

• Measure 
precession as 
function of E-Field

• Tune spin with spin 
rotator

• CW and CCW 
storage

• Measure ToF of each stored muon
• Momentum resolved 

measurement



Cryostat setup

● Temperature monitoring system 
4 x ROX temperature sensors
4 x PT-1000 temperature sensors
1 x DT-670 sensor
2 x Lakeshore model 340

● Reached p ≈1.7e-7 mBar 
● Injection channel holder T ≈ 5.8K
● 9 x THS119 used to record mag.fields



Shielding measurements Oc

B, mT H3y, mT
(240mm)

H5z, mT
(233mm)

H7x, mT
(169mm)

H8z, mT
(167mm)

H9y, mT
(122mm)

H10x, mT
(117mm)

H11z, mT
(115mm)

COLD 
T≈5.7K at 3T 7.1 212.8 -6.5 267.8 36.5 -23.5 484.4

HOT 
T>20K at 3T 26.7 186.2 -57.1 303.0 92.9 -141.2 459.9

HOT
COLD

3.8 0.9 8.8 1.1 2.5 6.0 0.9

Y

X Z



Muon trigger detector
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Radial magnetic field pulse to kick muons

Page 30courtesy A.M. Rehman

Pulse 
generator



Pulse generator to kick muons

Page 31

• Passive pulse forming

• Designed for up to 2.5kV
and 400 A

➢ 2 in parallel for 4 x 200 A

➢ 6 in series for 14 kV

• Gate-boosting for reduced 
rise-time and turn-on delay

• One optical fiber receiver per 
stage on-stage distribution via coaxial cables



• The 2025 in a nutshell: Construction, assembly and integration of ALL items (whole/partially, prototype/final version)
• A major milestone towards

• the final assembly of the experimental setup, the proof of the frozen spin technique and base sensitivity (2026) 

muEDM data taking (2027)

Current status
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0.5MeV/c

0.14MeV/c

Ki
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er
 C
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Longitudinal confinement

A static weakly-focusing field produced by a single 
circular coil will ensure confinement.

A longitudinal betatron oscillation of about 
10MHz will persist during the measurement due to 
the remaining longitudinal momentum.

11



C1 demonstrator prototype: final details

US

DS

 Total weight of the demonstrator
prototype is 51.3 g

 420 fibers are 27.5 g
carbon fiber
mylar



Coating the fibers with AL
for light transmission

4/29/202635



open for participation

PSI proposal R-21-02.1
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Conclusion and outlook

• The frozen-spin technique in a compact trap has a 
unique sensitivity for cp EDMs

• The PSI muEDM search demonstrates all essential 
techniques in a step-by-step approach first storage
this December

• In the first phase we will demonstrate a sensitivity to 
a muEDM of better than 4 × 10−21𝑒𝑒cm

• Phase II welcomes collaborators and aims for
a sensitivity of 6 × 10−23𝑒𝑒cm

• Possibility to measure g-2 with a sensitivity 
comparable to the current result

• Unique opportunity to explore hadronic CPV
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Backup



Geometric phases, and non-uniformities

Page 39

Magnetic field 

Electric field 

𝜔𝜔
𝑎𝑎 𝜔𝜔
𝑐𝑐

Cavoto G., Chakraborty R., Doinaki A., et al., EJPC 84(2024)262 

https://doi.org/10.1140/epjc/s10052-024-12604-0
https://doi.org/10.1140/epjc/s10052-024-12604-0
https://doi.org/10.1140/epjc/s10052-024-12604-0


Detection efficiency asymmetry

Page 40

 The EDM will be deduced from the 
accumulation of asymmetry 
between the upstream and 
downstream detectors that 
increases with time

 Static differences in the detection 
efficiency of one detector compared 
to the other is not a problem

 Change of the detection efficiency 
with time is a problem as it will 
introduce time dependent 
asymmetry

y

py -py𝑛𝑛𝐿𝐿
= 𝜅𝜅𝐿𝐿𝑁𝑁

𝑛𝑛𝑅𝑅
= 𝜅𝜅𝑅𝑅𝑁𝑁

Positron 
detectors



 Assumption: Change of detection 
efficiency triggered by pulse, 
exponential decay

 Detection efficiency of up and 
downstream detectors:  

 Change in measured asymmetry 
with time:

Constraints on the total detection efficiency

Page 41



Systematic study - overview

Page 42
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• At colliders one produces many (up to 1014) heavy 
quarks or leptons and measures their decays into light 
flavors

Finding New Physics with Flavor

Courtesy Andreas Crivellin

Flavor observables are sensitive to higher 
energy scales than collider searches

Experiment

SM

New Physics
LHC dµ b→

sµ
µ

Mu3e MEG PI
O

N
EE

R
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