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EDM & CP violation
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EDM landscape

Neutrons

Nuclei:
p, d,3He

Diamagnetic
atoms: Hg, Xe, Ra

L
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atomic theory

Molecules:
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Leptons

Scheme: adapted from Rob G E Timmermans
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The muEDM experiment
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The muEDM experiment
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Muon injection
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Muon injection

Gate detector
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Muon injection

Gate detector

Challenges:

Non-uniform fringe field
Strong gradient ~2T magnetic field
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Muon injection

Gate detector

Challenges:

Non-uniform fringe field
Strong gradient ~2T magnetic field

Solution:

Superconducting injection channel
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In collaboration with V. Karpati, D. Barna
Design is based on DOI:10.1109/TASC.2022.3149726 D.

Barna et al.
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1 - H In collaboration with V. Karpati, D. Barna
M u o n I nj e Ct I O n Design is based on DOI:10.1109/TASC.2022.3149726 D. Barna et al.
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Internal structure
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Muon Entrance Trigger /@/
%4

Entrance

Magnetic pulse is triggered only on muons with the correct trajectory
Only 0.4% of muons are in the acceptable phase space (Geant4

simulation)
Entrance Detector: Thin (<100um) scintillator
Veto Detector: Thick scintillating slab with holes

Vv Tested in beamtime 2024

Magnetic kicker

> I

system
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Magnetic kicker coil

Long. Momentum pz [MeV/c]
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Magnetic pulse characteristics:
27.96 » Peak amplitude ~1mT
»  Pulse fullwidth ~50ns
» Triggered <100ns
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Frozen-spin technique /@%
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Frozen-spin technique
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Frozen-spin technique /@%
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Frozen-spin technique

Thomas BMT Equation
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Frozen-spin technique
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Frozen-spin technique
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Frozen-spin technique
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Out-of-plane spin precession

In-plane spin precession

EDM contribution

A
[ \

— nq - - =
Q =—(cfXB+E)
2mc
—~ 2 In the frozen-spin condition the source for out-of-orbit-plane spin
|B 1L B 1L El E~aB 676 &recession proportional to only the muon EDM.

11 pranas.juknevicius@psi.ch 16.11.2026



Measuring muon spin direction

'@‘,?@Parity violating pion decay - muons are polarized

Neutrino: v,

of Detecting emitted positron direction from a polarized muon
beam - muon spin direction.

Pion: m+
( Lifetime: 26 ns )
{ Experiment sensitivity to the muon EDM:
/OYMuon: pt
Muon spins are 100% polarized. U(du) — h
2Py BcBV NyT,0
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Internal structure
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The Positron Tracker
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Conclusion

muEDM is a dedicated search for the muon electric
dipole moment with a novel frozen-spin method

approach.

2025 integrated and tested:

» Injection with SC channel

> Kicker system for pulsed field

» Cylindrical positron detectors

> DAQ system

2026 focus:

> Integration of frozen-spin electrodes

» Demonstrate muon storage

> Demonstrate the frozen-spin method
2027 focus:

> Establish per muon sensitivity to EDM
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The muEDM collaboration
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Shielding current decay at 1T
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Titanium Alloy, Advanced Materials 31, 1807240 (2019)
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Beamtime results | Gate d/etector

< /

sc injection —
channels TOF detector Vacuump ~ 2 - 107° mBar.
Cooldown time 300K to 4K t = 31 hours.
Beam monitor Beam pipe Heat up time 3K to 300K t ~ 30 hours.
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Beam phase space measurements

Setup:

» Plastic scintillator (r = 1 mm ) with PhotoMultiplier Tube (PILL) readout.
« X-Y positioning table for automated scans.

Results from beam phase space measurements using muEDM_2025 27.5_Gate_v3.sp

RGuu.vs =541 106/1"'/&

2D beam spot - Gaussian fit

Horizontal phase space Vertical phase space PIiEl: 1-0 transverse envelopes
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Rate [kcps]

ToF detector

Time of flight (ToF) detector used to measure muon momentum with the

requirements:

* 0, < 1% essential to control systematic uncertainties.
*  Time resolution g, < 1 ns (measured g, = 473 ps using WaveDream).
* Readout using Caen FERS boards using MIDAS DAQ system.

Double coinicidence rate (FERS)

Time Difference between first signals of the detector

" histTimeMin
2 - Entries 10095
C § BOO; Mean 35.57
= . hd o = Std Dev 13
1200 — » 700 ¥2/ ndf 21.41/17
C F po 627.8+20.9
C 600 C & p1 35.78 + 0.01
- = p2 0.4725 + 0.0166
1000~ . 6 = ) p3 125.6+19.5
- * V’ 500[— (0 p4 35.53+0.06
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7 Credits to Angela Papa and Elisa Checchi.
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Beam monitor

Beam Monitor discriminator threshold calibration
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Gate rate, kHz

Beamtime results

100+
801
601
401
501 —o— sc flux jump beam_tune_v3
slow ramp tune_v4
—e— non-superconducting beam_tune_v3
o slow ramp tune_v4
—e— sc beam_tune_v3
0 500 1000 1500 2000 2500
B_PSC, mT

3000

Unexpected flux jumps at Bpge > 2 T.

Tsc notger = 3.1K, while in prebeamtime studies Ty¢ poiger = 5.6K.
Similar unstable behaviour for Nb-Ti/Cu/Ti sheets was reported in
DOI:10.1109/TASC.2022.3149726 D. Barna et al.

Gate detector
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Injection channel design

1 el
159.15
285"54’1 Cross section of the sc injection
T channel. Red arrows — NbTi
T sheets w = 0.7mm, blue arrows
- — 0.1mm Cu fillers. ID = 15mm
: 254.6 and OD = 40mm.
T
Tf

H5 ] H8z, H11z, o 0 mm
H4x, H7x, H10x, 16.11.2026
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Beamtime results

Injection channel
holder

Cryostat head

Superconducting
solenoid

(RDK-408D2)

Superconducting
injection channels

Flexible copper thermal
connections

VVacuum chamber
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Muon production at PSI Pion decay at rest
T[+ —> p“*‘ -+ Vl.l /,‘,%

Neutrino: v,,

o
Pion:
. ( Lifetime: 26 ns )

/.ﬂMuon: pt

Muon spins are 100% polarized.

Muon decay

PSI High lntenslty Proton Accelerator (HIPA)
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Hg’: cﬁ‘*‘ﬂaquRﬁF“ﬁ+h.c.

The phase aIg(cl‘:”) of its Wilson

coefficient relates the two moments.

4m
Aa,=—FRe(q) 4y~ Ad,= - Am(cg!)
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  H = −  𝜇 → ∙  B →   −  d → ∙  E →


   𝜇 → = g  q  2  m 𝜇  s →


   d → = 𝜂  q  2  m 𝜇 c  s →


   𝜇 → ∙  B →  


   d → ∙  E →


   d 𝜇  S M = 1 . 4   ×     10  − 38 e ∙ c m


   d 𝜇  exp ≤ 1 . 10   ×     10  − 19 e ∙ c m


  σ (  d 𝜇  ) ≤ 4   ×     10  − 21 e ∙ c m


  σ (  d 𝜇  ) ≤ 6   ×     10  − 23 e ∙ c m


  H = −  𝜇 → ∙  B →   −  d → ∙  E →


   𝜇 → = g  q  2  m 𝜇  s →


   d → = 𝜂  q  2  m 𝜇 c  s →


   Ω →   =  q m  (  a  B →   −     a 𝛾  𝛾 + 1  (   𝛽 → ∙  B → )  𝛽 → − ( a +  1  1 +  𝛾 2 )    𝛽 → ×  E → c ) +   𝜂 q  2 m c  (  c  𝛽 → ×  B → +   𝛾  c 2  𝛾 + 1  (   𝛽 → ∙  E → )  𝛽 → +  E → )


   Ω →   =  q m  (  a  B →   −     a 𝛾  𝛾 + 1  (   𝛽 → ∙  B → )  𝛽 → − ( a +  1  1 +  𝛾 2 )    𝛽 → ×  E → c ) +   𝜂 q  2 m c  (  c  𝛽 → ×  B → +   𝛾  c 2  𝛾 + 1  (   𝛽 → ∙  E → )  𝛽 → +  E → )


   Ω →   =  q m  (  a  B →   −     a 𝛾  𝛾 + 1  (   𝛽 → ∙  B → )  𝛽 → − ( a +  1  1 +  𝛾 2 )    𝛽 → ×  E → c ) +   𝜂 q  2 m c  (  c  𝛽 → ×  B → +   𝛾  c 2  𝛾 + 1  (   𝛽 → ∙  E → )  𝛽 → +  E → )


   Ω →   =   𝜂 q  2 m c  (  c  𝛽 → ×  B → +  E → )


   T c ( μ  H  ext =   0 ) = 9 . 6


   𝜇 +


  p ≈   2   ⋅ 10  − 6  mBar


  t   ≈ 31   hours  


  ≈   30   hours


   𝜎 p < 1 %


   𝜎 t < 1   n s


   𝜎 t   ≈   473   ps


   B  PSC > 2  T .


   T  sc _ h o l d e r ≈ 3 . 1 K


   T  sc _ h o l d e r ≈ 5 . 6K.

