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Many thanks to inputs from P. Schmidt-Wellenburg, G. Venanzoni, P. Winter, X. 
Fan, B. Lauss, J. Martin, F. Piegsa, S.Y. Hoh! 

Disclaimer: There are many exciting efforts in this field but only part of 
them will be covered here. Apologize for omitting any of your experiments. 



Complementarity between frontiers

Energy Frontier

New physics through 
observations of new particles

Complementary approaches, 
allow us to discriminate between various BSM models!

New physics through observations of 
effects of virtual particles

Precision/Intensity Frontier
MDM EDM

2Adapted from Adam West
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Overview of EDM experiments

• Category 1: Neutron EDM experiments
• Traditional, UCN and beam approaches

• Category 2: Paramagnetic atoms/molecules (unpaired electron)
• Powerful systems for searching electron EDM (ThO, YbF, HfF+, …)

• Category 3: Diamagnetic atoms/molecules (no unpaired electrons)
• Powerful systems for searching hadronic EDMs (Hg, Xe, Ra, …)

• Category 4: Storage ring experiments
• Huge potential but challenging (μ, p, 2H, e)
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Complementarity between EDMs

The association of observable EDMs to their possible fundamental 
CPV sources, which might be chromo-, quark-, lepton-, and semi-
leptonic EDMs, or the QCD “theta” parameter. (A. Ritz, D. Hertzog)

The EDM Community (~700)

Full list: https://www.psi.ch/en/nedm/edms-world-wide
PSI nEDM webpage



• An EDM experiences a torque in an electric field
• Experiment: 
• Initialize, precess, measure, repeat…

EDM measurements in a nutshell

Courtesy: Nick Hutzler (Caltech)
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Neutron EDM: nEDM@PSI

Courtesy Bernhard Lauss
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Neutron EDM: n2EDM@PSI

B.Lauss

n2EDM Experiment

MSR

storage chambers
B

E

Bernhard Lauss

Status:
 - record magnetically shielded room (MSR) - shielding factor 105 at 0.01Hz in 25m3 - operating
 - 55 km coils for active magnetic shield (AMS) - operating
 - internal magnetic field system at 1 mT and 60 ppm homogeneity - operating
 - UCN chambers and beamline - commissioning
 - start measurement in 2024 - 500 days for 1.2 x 10-27 e×cm sensitivity goal in baseline
 - planned 'MAGIC field' phase with further significant improvement 

nEDM is part of the European Strategy for Partice Physics and the NUPPEC Lond Range Plan.

MSR

1mT coilMSR

AMS coils5m

UCN storage chambers

High intensity 
ultracold neutron 
(UCN) source at PSI

solid deuterium based
high intensity UCN source
in operation since 2011
serves ~ 5x106 UCN every 
300s to experiments
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Neutron EDM: Beam EDM

Courtesy Florian Piegsa



Electron EDM: Paramagnetic systems
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• Atoms/molecules have extremely large fields
• ~100 GV/cm for heavy species
• Maximum lab field ~100 kV/cm
• eEDM of valence e interacts with the internal field
   à symmetry-violating energy shifts ACME, ThO, Harvard/Yale/Northwestern

• Spin precession in cryogenic beam
• |de| < 8.7 .10-29 e cm (2014)
• |de| < 1.1 .10-29 e cm (2018)

HfF+, JILA/Boulder
• Spin precession in ion trap
• Long coherence time from trapping
• Current most sensitive limits
• |de| < 4.1.10-30 e cmImprovements are expected in the coming years

Quantum Sci. Technol. 5 044011

Science 381 665 (2023)
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Hadronic EDM: Diamagnetics Atoms
“Large Collaboration”199Hg, Univ. Washington, Seattle

Limits on CP-violating observables from the 199Hg EDM limit
(assuming it is the sole contribution to the atomic EDM)

PRL 116.161601 (2016)

Courtesy Brent Garner



Storage ring for EDM searches
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Courtesy Klaus Jungmann



Muon EDM: muEDM@PSI

12

B

E
𝑅 = 31	mm

𝜔!

𝐴 =
𝑁! −𝑁"
𝑁! +𝑁"

Muon EDM Sensivities
BNL g-2 limit: 𝑑! < 1.8×10"#$	e	cm

Phase I: 𝑑! < 3×10"%#	e	cm
Phase II: 𝑑! < 6×10"%&	e	cm

The frozen-spin approach

Courtesy Philipp
Schmidt-Wellenburg
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Proton EDM: CPEDM
Courtesy Claude Vallée



• No SR eEDM proposal in the past due to no viable polarimetry at “magic” momentum 
(the momentum where the electron spin is not affected by the v x E term, ~15 MeV)

Electron EDM: Storage ring
PLB 843 (2023) 138058
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• Category 1: Storage ring/solenoid experiments
• Traditional, magic momentum approach, pure B-field approach

• Category 2: Penning Traps
• High precision Penning traps, suitable for stable particle (p,e)

• Category 3: e+e- & Pb-Pb Colliders
• Less precise, suitable for short-lived particles (tau, Baryon)

• High precision comparison of theory-experiment provides a stringent test of SM

Overview of MDM experiments

Particle g-factor Relative uncertainty
Electron 2.002 319 304 361 18(26) 1.3 x 10-13

Muon 2.002 331 841 10(47) 2.3 x 10-11

Proton 5.585 694 689 3(16) 2.9 x 10-10

Antiproton 5.585 694 690 6(60) 1.5 x 10-9
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FNAL Muon g-2 

Excellent agreement
§ Second result agrees well with FNAL 
Run-1 and BNL

World average
§ New average has 190 ppb precision, 
dominated by FNAL

Precision milestone
§ Systematic uncertainty of 70 ppb 
already surpasses goal

Statistical uncertainty goal

§ With >21x BNL final statistics, on 
track to reach 100 ppb statistical goal

Courtesy Graziano Venanzoni 
and Peter Winter

PRL 131 161802 (2023)



FNAL Muon g-2: current situation

Experimental outlook
§ Plan to publish full dataset in 2025 with 2x precision
§ Will reach or slightly surpass precision goal of 140 ppb

17Courtesy Graziano Venanzoni 
and Peter Winter

Comparison with theory
§ Large discrepancy between experiment & theory, FNAL 
alone gets to 5.0σ
§ Recent calculation from lattice and e+e- data from CMD-3 
show tensions with 2020 theory prediction (being closer to 
the experimental value)
§ Updated prediction expected in 2025 using all available 
data will likely yield a smaller and less significant 
discrepancy
§ Theory community working hard to: 

– Understand discrepancy between dispersive calculation 
and Lattice QCD

– Scrutinize both new CMD-3 result and former e+e- data

T. Aoyama et al. Phys. Rept. 887 (2020)



J-PARC Muon g-2/EDM

18Courtesy Mibe Tsutomu
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Muon g-2 from Muonium Spectroscopy
Phys. Rev. Lett. 127 (2021) 25, 251801

Muonium = QED bound-state of
     positive muon + electron

Courtesy Cédric Delaunay 
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Electron g-factor
Courtesy Xing Fan

PRL 130, 071801 (2023)
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BSM contribution to Electron?

Courtesy Xing Fan

(13 x 10-14)

Δa!"#$ = a!
%&' − a!()%* = 2.49 48 ×10+,

Δa-"#$~	Δa!"#$× 𝑚-/𝑚!
.~	5.83(11)×10+/0



Tau g-2 in colliders
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Short lifetime: not possible through spin precession approach
PbPb collider: ATLAS

Expecting substantial improvements from Run 3 & 4 data!

Slides from
Peter Steinberg

@ QM 2023

PRL 131, 151802 (2023)e+e- collider: DELPHI

EPJC 35, 159 (2004)



BSM contribution to Tau?

Slides from J. Michael Roney @ SPIN 2023

Various methods to measure at have been proposed:
• radiative tau decays
• channeling in a bent crystal
• 𝛾p and heavy-ion reactions at the LHC
but these do not reach that level of precision
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• High sensitivity EDM searches and high precision MDM measurements are 
powerful tools to search for BSM physics
• Complementary to Energy Frontiers
• Very high mass scale beyond LHC reach can be explored (under some assumptions)
• EDMs are connected to CPV sources beyond SM
• Measurements on various species are needed to discriminate between BSM theories
• MDMs provide stringent tests of SM calculations and the CPT symmetry
• Ongoing puzzles in the muon and electron sector provide a window into deeper 

understanding of SM and BSM

Summary

Many more experiments will go online starting from next year!
The moment has arrived for the dipole moments!
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