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The Search for an EDM: Why 
Physicists Should Care
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• Theorists think it’s interesting

• It’s something we can do

• It addresses fundamental Q’s
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EDM’s & Fundamental Questions 

• Do the fundamental laws of nature violate CP 
beyond the known CKM CPV ?

• Why does the Universe contain more matter 
than anti-matter ? 

• What is the mass scale associated with 
Beyond the Standard Model Physics ?

• Is BSM physics perturbative or strongly 
coupled ?
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Themes for This Talk

• EDMs provide powerful “tabletop” probe of high 
energy and/or early universe fundamental physics 

• Searches with multiple, complementary systems are 
essential

• The theoretical interpretation of EDMs entails a rich 
and challenging interplay of physics at multiple scales

• Significant discoveries are possible, while limits yield 
tremendous insight

• This is an area of exciting opportunities and 
challenges for both experiment and theory
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Outline

I. EDM Basics & the BSM context

II. Experimental Situation

III. Theoretical Interpretation

IV. BSM Implications

V. Outlook
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I. EDM Basics
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What is an EDM ?
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What is an EDM ?

m2 ⇡ MN (37)
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F1 : Dirac (charge) form factor

F2 : Pauli (magnetic) ff

F3 : Electric Dipole ff

FA : Anapole ff

P, T Conserving

P, T Conserving

P, T Violating

P Violating

J=1/2, relativistic 
particles 
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EDMs & SM Physics

dn ~ (10-16 e cm)  x  qQCD +  dn
CKM
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EDMs & SM Physics

dn ~ (10-16 e cm)  x  qQCD +  dn
CKM

dn
CKM = (1 – 6) x 10-32 e cm

C. Seng arXiv: 1411.1476
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EDMs & BSM Physics

d ~ (10-16 e cm)  x  (u / L)2  x  sinf x yf F
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EDMs & BSM Physics

d ~ (10-16 e cm)  x  (u / L)2  x  sinf x yf F

CPV Phase: large enough for baryogenesis ?
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EDMs & BSM Physics

d ~ (10-16 e cm)  x  (u / L)2  x  sinf x yf F

BSM mass scale: TeV ? Much higher ?

u = 246 GeV Higgs vacuum expectation value
L > 246 GeV Mass scale of BSM physics
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EDMs & BSM Physics

d ~ (10-16 e cm)  x  (u / L)2  x  sinf x yf F

BSM dynamics: perturbative? Strongly coupled? 

yf Fermion f Yukawa coupling
F Function of the dynamics 
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EDMs & BSM Physics

d ~ (10-16 e cm)  x  (u / L)2  x  sinf x yf F

Need information from at least three “frontiers” 

• Baryon asymmetry Cosmic Frontier
• High energy collisions Energy Frontier
• EDMs Intensity Frontier
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II. Experimental Situation



EDMs: New CPV?
• SM 
“background” well 
below new CPV 
expectations

• New expts: 102 to 
103 more sensitive

• CPV needed for 
BAU? 
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EDMs: New CPV?
• SM 
“background” well 
below new CPV 
expectations

• New expts: 102 to 
103 more sensitive

• CPV needed for 
BAU? 
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EDMs: New CPV?
• SM 
“background” well 
below new CPV 
expectations

• New expts: 102 to 
103 more sensitive

• CPV needed for 
BAU? 

Mass Scale Sensitivity
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ϕ • EDMs arise at > 1 loop

• CPV is flavor non-diagonal

• CPV is “partially secluded”
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Why Multiple Systems ?
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Why Multiple Systems ?

Multiple sources & multiple scales
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II. Theoretical Interpretation
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EDM Interpretation & Multiple Scales

BSM CPV
SUSY, GUTs, Extra Dim…

Baryon Asymmetry
Early universe CPV

Collider Searches
Particle spectrum; also 
scalars for baryon asym

Expt

QCD Matrix Elements
dn , gpNN , …

Nuclear & atomic MEs
Schiff moment, other P- & 
T-odd moments, e-nucleus 
CPV

E
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y 
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le



33

Effective Operators: The Elevator 

+…
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Operator Classification

Weinberg 3 gluon



Operator Classification

Quark chromo-EDM
€ 

g

€ 

q
€ 

˜ χ 0

€ 

˜ q 

€ 

˜ q 



Operator Classification

Fermion EDM
€ 

γ

€ 

f
€ 

˜ χ 0

€ 

˜ f 

€ 

˜ f 



Operator Classification



Operator Classification

Semileptonic: atomic & 
molecular EDMs
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Operator Classification

Nonleptonic: hadronic 
EDMs & Schiff moment
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Wilson Coefficients: Summary

df fermion EDM (3)

dq quark CEDM (2)

CG 3 gluon (1)

Cquqd non-leptonic (2)

Clequ, ledq semi-leptonic (3)

Cjud induced 4f (1)

~

~

12 total + q light flavors only (e,u,d)

71
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Wilson Coefficients: Summary

df fermion EDM (3)

dq quark CEDM (2)

CG 3 gluon (1)

Cquqd non-leptonic (2)

Clequ, ledq semi-leptonic (3)

Cjud induced 4f (1)

~

~

12 total + q light flavors only (e,u,d)

Complementary searches needed
46
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TVPV Hadronic & Nuclear Interactions

Nonleptonic: hadronic EDMs, Schiff moment (atomic EDMs) 



TVPV Hadronic & Nuclear Interactions

Nonleptonic: hadronic EDMs, Schiff moment (atomic EDMs) 

Nucleon EDMs



TVPV Hadronic & Nuclear Interactions

Nonleptonic: hadronic EDMs, Schiff moment (atomic EDMs) 

PVTV pN 
interaction
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TVPV Hadronic & Nuclear Interactions

Nonleptonic: hadronic EDMs, Schiff moment (atomic EDMs) 

PVTV 4N 
interaction



Hadronic Matrix Element Challenge

How well can we compute the b, g, l , ... ?

d=6 operator 
coefficients

Hadronic 
matrix elements



55

Hadronic Matrix Elements

Engel, R-M, 
van Kolck:

Hadronic 
Uncertainty

Progress: 
LANL LQCD
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Schiff Theorem



The Theorem

Schiff Screening

Classical picture: non-
acceleration of neutral 
non-rel system

The EDM of a neutral system 
will vanish if:

• Constituents are non-
relativistic

• Constituents are point-like

• Interactions are electrostatic



Schiff Screening: Corrections 

Schiff Screening

Classical picture: non-
acceleration of neutral 
non-rel system

The EDM of a neutral system 
will vanish if:

• Constituents are non-
relativistic

• Constituents are point-like

• Interactions are electrostatic

Paramagnetic systems w/ large Z: e- are highly relativistic
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Schiff Screening: Corrections 

Schiff Screening

Classical picture: non-
acceleration of neutral 
non-rel system

The EDM of a neutral system 
will vanish if:

• Constituents are non-
relativistic

• Constituents are point-like

• Interactions are electrostatic

St’d Model magnetic interactions, BSM e-q interactions,…
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Paramagnetic Systems: de



64

Electron EDM Interactions

External fields: 1st order energy shift

Internal (nuclear) fields: 2nd order energy shift
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Electron EDM: Heavy Atoms

dA = rAe de +…

Paramagnetic

Diamagnetic
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Electron EDM: Polar Molecules

Einternal
Eexternal

d
e

Electron experiences 
enhanced Eint as due 
to much smaller Eext

YbF
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Diamagnetic Atoms



Schiff Screening: Corrections 

Schiff Screening

Classical picture: non-
acceleration of neutral 
non-rel system

The EDM of a neutral system 
will vanish if:

• Constituents are non-
relativistic

• Constituents are point-like

• Interactions are electrostatic

Diamagnetic atoms w/ large A: nuclei are large  r ~ (1 fm) x A1/3



PVTV Nuclear Moments

Schiff Screening

Atomic effect from 
nuclear finite size: 
Schiff moment

EDMs of diamagnetic atoms ( 199Hg ) 

Screened EDM Schiff moment, MQM,…



Nuclear Schiff Moment

Schiff Screening

Atomic effect from 
nuclear finite size: 
Schiff moment

EDMs of diamagnetic atoms ( 199Hg ) 

Screened EDM Schiff moment, MQM,…Nuclear Schiff Moment

(RN / RA)2 suppression



Nuclear Schiff Moment

EDMs of diamagnetic atoms ( 199Hg ) 

Schiff moment, MQM,…

Nuclear Enhancements

Nuclear polarization: 
mixing of opposite parity 
states by HTVPV ~ 1 / DE



Nuclear Schiff Moment

EDMs of diamagnetic atoms ( 199Hg ) 

Nuclear Enhancements: 
Octupole Deformation 

Nuclear polarization: 
mixing of opposite parity 
states by HTVPV ~ 1 / DE

Opposite parity states 
mixed by HTVPV
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Nuclear Schiff Moment: Pion Exchange
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Nuclear Schiff Moment: Pion Exchange

Non-perturbative hadronic 
computations

Nuclear many-body 
computations
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Nuclear Matrix Elements
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IV. BSM Implications


