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Dipole moments in QFT
• A particle with spin  can have a magnetic and an electric dipole moment⃗S

•  and  are axial vectors, while  is a vector      and  are P and T even and odd respectively⃗S ⃗B ⃗E ⇒ ⃗S ⋅ ⃗B ⃗S ⋅ ⃗E

  H = − (μ ⃗S ⋅ ⃗B +d ⃗S ⋅ ⃗E )/S
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• In a relativistic quantum field theory, the dipole moments of a fermion are given by the effective Lagrangian

[ψ] = 3/2, [Fμν] = 2, [ℒ] = 4 ⇒

δℒdip = −
1
2

ψ̄fσμν(μf + iγ5df)ψf Fμν

[df] = − 1
[μf] = − 1f f

γ
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EDMs: experimental bounds
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< 1.8 × 10−19 e ⋅ cm → 6 × 10−23 e ⋅ cmdμ
[muEDM, 2201.06561]

de

[psi.ch/en/nedm/edms-world-wide]

< 10−18 e ⋅ cm → 10−19 e ⋅ cmdτ
[Snowmass BelleII, 2207.06307 ]
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de

[psi.ch/en/nedm/edms-world-wide]

< 10−18 e ⋅ cm → 10−19 e ⋅ cmdτ
[Snowmass BelleII, 2207.06307 ]

• Experiments sensitive to much larger values than SM prediction

 There is ample room for CP violating New Physics ⇒
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The need for Beyond SM physics
• Strong CP Problem


• Hierarchy Problem


• Flavour puzzle


• …
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The need for Beyond SM physics
• Strong CP Problem


• Hierarchy Problem


• Flavour puzzle


• …

• Neutrino masses


• Dark matter


• Baryon asymmetry of the Universe nB − nB̄

nγ
∼ 10−10
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Heavy New Physics
• There many good reasons to expect CP-odd New physics (baryogenesis, origin of flavour…)

• But there is also a huge number of NP models in the market

• What if the NP is heavy? 
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Heavy New Physics
• There many good reasons to expect CP-odd New physics (baryogenesis, origin of flavour…)

• But there is also a huge number of NP models in the market

• What if the NP is heavy? 

Muon decay and Fermi theory

−2 2GF (νμγαPLμ) (ēγαPLνe)

At energies relevant for the muon decay ( ), it is well described by a four-fermion contact interaction E ≪ MW

Contact interactions among light fields

Short-distance heavy physicsGF =
g2

4 2M2
W
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Effective Field Theories (EFTs)
Effective Field Theories are QFTs that are the low-energy limit of an ultraviolet theory and 

contain only the accessible light degrees of freedom 

ℒSMEFT = ℒSM+ ∑
n>4

Cn𝒪n

Λn−4

 : Wilson Coefficients = short-distance heavy physicsCn

 : Contact interactions among light fields𝒪n

They provide the most general description of NP at energies lower than the heavy states 
masses 

 operator dimensionn :

6
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The dipole operator (low-energy)

Cfi fj
D ( fiσμνPR fj)Fμν + h . c .

δℒdip = −
1
2

ψ̄f σμν(μf + iγ5df )ψf FμνRemember:   H = − (μf
⃗S ⋅ ⃗B +df

⃗S ⋅ ⃗E )/S

−2 Im(Cff
D ) = df

−2 Re(Cff
D ) = μf

C fi fj
D ≠ 0, fi ≠ fj fj → fi γ

*Tensor currents are chiral (connect right-handed and left-
handed fields)

7
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Tower of EFTs

Λ

mW

Eexp

UV

SMEFT

LEFT or WET

SU(3)c ⊗ SU(2)L ⊗ U(1)Y

SU(3)c ⊗ U(1)em

?

2 GeV

PTχ

⟨H⟩ = v t, h, Z, W Integrated out

Heavy states are integrated out = Matched 
onto the EFT

Strong interactions are strong = quarks 
combine in bound states

dn, dp

(q̄σμνHd)Bμν, (q̄σμνHτad)Wμν
a

(dLσμνdR)Fμν

(nσμνn)Fμν, (nσμνγ5n)Fμν

+h . c

+h . c

dim=6

dim=5

dim=5

The appropriate EFT to use depends on the energy of the process we want to describe

8
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The dipole operator
C fi fj

D ( fiσμνPR fj)Fμν + h . c .

The dipole operator at low energy must arise from a dimension six SMEFT operator and must be proportional to the Higgs VEV ⟨H⟩ = v

CD =
v

Λ2
C̃D

Solid bars assuming Im(C̃D) ∼ 1

Hatched bars assuming Im(C̃ff
D) ∼ yf

[1910.11775]
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The dipole operator
C fi fj

D ( fiσμνPR fj)Fμν + h . c .

The dipole operator at low energy must arise from a dimension six SMEFT operator and must be proportional to the Higgs VEV ⟨H⟩ = v

CD =
v

Λ2
C̃D

Solid bars assuming Im(C̃D) ∼ 1

Hatched bars assuming Im(C̃ff
D) ∼ yf

EDMs among the most sensitive observables to (CP-odd) New Physics  

[1910.11775]
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Dipoles in the lepton sector

Clilj
D (liσμνPRlj)Fμν

l = e, μ, τ

Anomalous magnetic 
moments 

(g − 2)e,μ,τ

EDMs 

de,μ,τ

Charged Lepton Flavour 
Violation 

μ → eγ, τ → lγ
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Dipoles in the lepton sector

Clilj
D (liσμνPRlj)Fμν

l = e, μ, τ

Anomalous magnetic 
moments 

(g − 2)e,μ,τ

EDMs 

de,μ,τ

Charged Lepton Flavour 
Violation 

μ → eγ, τ → lγ

The interplay between these observables could shed light on the flavour and CP 
structure of New Physics
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Dipole observables in the lepton sector

Clilj
D (liσμνPRlj)Fμν Δal =

4ml

e
Re(Cll

D) dl = − 2Im(Cll
D)

2Δal = (g − 2)l

• EDMs vs anomalous magnetic moments
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Clilj
D (liσμνPRlj)Fμν Δal =

4ml

e
Re(Cll

D) dl = − 2Im(Cll
D)

2Δal = (g − 2)l

• EDMs vs anomalous magnetic moments

de ≃ ( Δae

7 × 10−14 ) 10−29 ( ϕCPV
e

10−5 ) e cm CP violating phase

[Giudice, Paradisi, Passera 1208.6583]
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4ml

e
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D) dl = − 2Im(Cll
D)
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• EDMs vs anomalous magnetic moments

• Anomalous magnetic moments vs lepton flavour violation

BR(μ → eγ) ≃ 3 × 10−13 ( Δaμ
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2
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Clilj
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e
Re(Cll

D) dl = − 2Im(Cll
D)

2Δal = (g − 2)l

• EDMs vs anomalous magnetic moments

• Anomalous magnetic moments vs lepton flavour violation

BR(μ → eγ) ≃ 3 × 10−13 ( Δaμ

3 × 10−9 )
2

( θeμ

10−5 )
2

Flavour UV alignment

de ≃ ( Δae

7 × 10−14 ) 10−29 ( ϕCPV
e

10−5 ) e cm CP violating phase

[Giudice, Paradisi, Passera 1208.6583]

• Ratios with different flavors probe to the NP flavour structure

dl

dl′￼

= ?
Δal

Δal′￼

= ?Often = ml /ml′￼
Often = m2

l /m2
l′￼

11
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Lepton flavour violation and EDMs 

Suppose New Physics only couple to left-handed lepton doublets (subset of neutrino mass models)

[MA, S. Davidson, N. Valori, 2507.19421]
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Lepton flavour violation and EDMs 

Suppose New Physics only couple to left-handed lepton doublets (subset of neutrino mass models)

[MA, S. Davidson, N. Valori, 2507.19421]

CW

ΛLNV
(ℓ̄H)(ℓcH̃†) → mν ∼ CW

v2

ΛLNV
ν̄νcWeinberg operator:

In this class of models EDMs arise at least at two-loop di ∼ 1

(16π2)2

mi

Λ2
NP

Im {Πii}

While lepton flavour violation can arise already at one-loop: Cij
D ∼ 1

(16π2)
mj

Λ2
NP
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Lepton flavour violation and EDMs
[MA, S. Davidson, N. Valori, 2507.19421]

In this class of models EDMs arise at least at two-loop di ∼ 1

(16π2)2

mi

Λ2
NP

Im {Πii}

While lepton flavour violation can arise already at one-loop: Cij
D ∼ 1

(16π2)
mj

Λ2
NP

Suppose New Physics only couple to left-handed lepton doublets (subset of neutrino mass models)
CW

ΛLNV
(ℓ̄H)(ℓcH̃†) → mν ∼ CW

v2

ΛLNV
ν̄νcWeinberg operator:
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Including loops in the EFT
Effective field theories at fixed dimension (= fixed accuracy in ) are as renormalizable as any QFTE/Λ
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+ = Finite

CT

Λ2
(eRσμνeL)( fRσμνfL)
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Including loops in the EFT
Effective field theories at fixed dimension (= fixed accuracy in ) are as renormalizable as any QFTE/Λ

+ = Finite

CT

Λ2
(eRσμνeL)( fRσμνfL)

At the loop level, operators acquire a dependence on the energy (renormalization) scale  and mix with each 
other

μ

Renormalization Group Equations (RGEs):
d

d log μ
[C(μf)]k = [C(μi)]jUjk(μf, μi)
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Including loops in the EFT
Effective field theories at fixed dimension (= fixed accuracy in ) are as renormalizable as any QFTE/Λ

+ = Finite

CT

Λ2
(eRσμνeL)( fRσμνfL)

At the loop level, operators acquire a dependence on the energy (renormalization) scale  and mix with each 
other

μ

Renormalization Group Equations (RGEs):
d

d log μ
[C(μf)]k = [C(μi)]jUjk(μf, μi)

Solution in our example: CD(μf) ∼ CT(μi) ×
emf

16π2Λ2
log (

μf

μi ) + ⋯
12 
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Running up & down the ETFs tower
Matching at μ = Λ

Matching at μ = mW

Solve the RGEs in SMEFT

Matching at μ = 2 GeV

Solve the RGEs in LEFT

Calculate  at de μ = me

Solve the RGEs in PTχ

Λ

mW

Eexp

UV

SMEFT

LEFT or WET

SU(3)c ⊗ SU(2)L ⊗ U(1)Y

SU(3)c ⊗ U(1)em

?

2 GeV

PTχ

13
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SMEFT analysis of EDMs 
ℒSMEFT = ℒSM+ ∑

n=6

Cn𝒪n

Λ2
Calculate the contribution to  for each SMEFT operator (at 

dimension six) to EDMs accounting for loop effects (solving the 
RGEs)

de

de
dn [Kley et al, 2109.15085]

Λ = 5 TeV
Λ = 5 TeV

14
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Paramagnetic eEDM searches
Paramagnetic molecules (ThO, HfF+,…) have an unpaired electron and can have very large internal electric field 
due to relativistic effects.
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M. Ardu

Paramagnetic eEDM searches
Paramagnetic molecules (ThO, HfF+,…) have an unpaired electron and can have very large internal electric field 
due to relativistic effects.

In the presence of the electron EDM there is a P, T-odd energy shift between two states with flipped “orientation”

Heff
P,T = − 𝒩̃(deEeff + …)

[ACME, 1310.7534]
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Paramagnetic eEDM searches
But other CP odd interactions between the electron and the nucleus can mimic this energy shift

GF

2
CSi(ēγ5e)(N̄N) HS = i

GF

2
CS ∑

i

ρN(ri) γ0
i γ5

i

Can also contribute to the energy shift as the electron EDM

Heff
P,T = − 𝒩̃(deEeff + WSCS + …) WS ≡

1
𝒩̃ ⟨Ψ𝒩̃ i

GF

2 ∑
i

ρN(ri)γ0
i γ5

i Ψ𝒩̃⟩
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Heff
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1
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GF

2 ∑
i
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i γ5

i Ψ𝒩̃⟩
Which leads to an equivalent EDM as the measurable observable:

dequiv. = de + # × CS e ⋅ cm
ThO ≃ 1.5 × 10−20

HfF+ ≃ 0.9 × 10−20

[Chupp et al, 1710.02504]
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Paramagnetic eEDM searches
But other CP odd interactions between the electron and the nucleus can mimic this energy shift

GF

2
CSi(ēγ5e)(N̄N) HS = i

GF

2
CS ∑

i

ρN(ri) γ0
i γ5

i

Can also contribute to the energy shift as the electron EDM

Heff
P,T = − 𝒩̃(deEeff + WSCS + …) WS ≡

1
𝒩̃ ⟨Ψ𝒩̃ i

GF

2 ∑
i

ρN(ri)γ0
i γ5

i Ψ𝒩̃⟩
Which leads to an equivalent EDM as the measurable observable:

dequiv. = de + # × CS e ⋅ cm
ThO ≃ 1.5 × 10−20

HfF+ ≃ 0.9 × 10−20

dequiv.(exp) ∼ 10−29 − 10−30 e ⋅ cm ≫ dequiv.
ThO (SM) ∼ 10−35 e ⋅ cm ≫ de [Ema et al, 2202.10524]

[Chupp et al, 1710.02504]
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Interpreting paramagnetic searches in SMEFT
Heavy CP-odd New Physics can contribute both to  and  at low-energyde CS

Low-energy EFT

which enter in the experimental observable as dequiv.
HfF+ = de + 0.9 × 10−20 CS e ⋅ cm

dequiv.
HfF+ ≤ 4.1 × 10−30 e ⋅ cm

17

ℒ = − i
de

2
ē σμν γ5 e Fμν +

GF

2
CS ē i γ5 e N̄ N + …
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Heavy CP-odd New Physics can contribute both to  and  at low-energyde CS

Low-energy EFT

which enter in the experimental observable as dequiv.
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• Previous SMEFT analyses focused on the contribution to 


• What is the (correct) sensitivities of paramagnetic eEDM searches to SMEFT operators?
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Interpreting paramagnetic searches in SMEFT
Heavy CP-odd New Physics can contribute both to  and  at low-energyde CS

Low-energy EFT

which enter in the experimental observable as dequiv.
HfF+ = de + 0.9 × 10−20 CS e ⋅ cm

• Previous SMEFT analyses focused on the contribution to 


• What is the (correct) sensitivities of paramagnetic eEDM searches to SMEFT operators?

de

dequiv.
HfF+ ≤ 4.1 × 10−30 e ⋅ cm

17

ℒ = − i
de

2
ē σμν γ5 e Fμν +

GF

2
CS ē i γ5 e N̄ N + …

[Kley et al, 2109.15085] [Panico et al,1810.09413]
[Aebischer et al, 2102.08954]
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Calculating  in SMEFTdequiv.

Λ

mW

Eexp

UV

SMEFT

LEFT or WET

SU(3)c ⊗ SU(2)L ⊗ U(1)Y

SU(3)c ⊗ U(1)em

?

2 GeV

PTχ

Start from   at Ci(μ) μ = Λ

Run in SMEFT

Match the  to LEFT operatorsCj(μ = mW)

Run in LEFT

Match the LEFT operators to PT interactions with nucleonsχ

Run in PTχ

Compute18 dequiv.
HfF+ = de + 0.9 × 10−20 CS e ⋅ cm
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Results
ℒSMEFT = ℒSM+ ∑

n=6

Cn𝒪n

Λ2

19

One-loop RGEs + some two-loop effects

de ∼ dequiv.
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Results
ℒSMEFT = ℒSM+ ∑

n=6

Cn𝒪n

Λ2

20

One-loop RGEs + some two-loop effects
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Conclusions

• Electric dipole moments are among the most sensitive observables for new physics.


• More broadly, dipole observables  and their interplay provide uniquely powerful probes of beyond 
Standard Model scenarios 


• In an effective field theory framework, heavy ultraviolet dynamics can be captured model-
independently through higher-dimensional operators, enabling a systematic charting of the (heavy) 
BSM space


• Previous EFT studies focused on the SMEFT contribution to the electron EDM, but used 
paramagnetic-system sensitivities, i.e. to an “equivalent EDM” that also includes CP-odd semileptonic 
interactions


• We showed that electron-EDM searches in paramagnetic molecules probe a wider class of EFT 
operators than previously recognized
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SMEFT dimension six Basis-I
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SMEFT dimension six Basis-II



What if we have 2 or more Exps?

<latexit sha1_base64="JS4MWv8UDjTQ9M8ysYfqu/9Oj5s="></latexit>

dequiv.sys = de +#CS e · cm

Two experiments with different # 

Can disentangle eEDM and Cs.

<latexit sha1_base64="WofBLcCck/xk6oX2FFzHOTG+lFw=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBZBEEoiUj0WBemxgv2ANi2b7aZdutmE3YlaQv6HFw+KePW/ePPfuG1z0NYHA4/3ZpiZ50WCa7Dtbyu3srq2vpHfLGxt7+zuFfcPmjqMFWUNGopQtT2imeCSNYCDYO1IMRJ4grW88c3Ubz0wpXko72ESMTcgQ8l9TgkYqdcF9gRJzb9Ne8lZ2i+W7LI9A14mTkZKKEO9X/zqDkIaB0wCFUTrjmNH4CZEAaeCpYVurFlE6JgMWcdQSQKm3WR2dYpPjDLAfqhMScAz9fdEQgKtJ4FnOgMCI73oTcX/vE4M/pWbcBnFwCSdL/JjgSHE0wjwgCtGQUwMIVRxcyumI6IIBRNUwYTgLL68TJrnZadSrtxdlKrXWRx5dISO0Sly0CWqohqqowaiSKFn9IrerEfrxXq3PuatOSubOUR/YH3+AKThkp8=</latexit>

HfF
+

<latexit sha1_base64="zGZzxZ6+Ilu5mdNohSNkJ/vQ058=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsR8sJkCbOTTjJkdnaZ6RXDkr/w4kERr/6NN//GSbIHTSxoKKq66e4KYikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJko0hzqPZKRbATMghYI6CpTQijWwMJDQDEY3U7/5CNqISNVwHIMfsoESfcEZWumhg/CEaW14N+kWim7JnYEuEy8jRZKh2i18dXoRT0JQyCUzpu25Mfop0yi4hEm+kxiIGR+xAbQtVSwE46eziyf01Co92o+0LYV0pv6eSFlozDgMbGfIcGgWvan4n9dOsH/lp0LFCYLi80X9RFKM6PR92hMaOMqxJYxrYW+lfMg042hDytsQvMWXl0njvOSVS+X7i2LlOosjR47JCTkjHrkkFXJLqqROOFHkmbySN8c4L8678zFvXXGymSPyB87nD9nqkQ0=</latexit>

ThO

<latexit sha1_base64="Q84IGg1mR5iP0K4nFwWdcrIFO7A="></latexit>

ThO → 1.5↑ 10→20

HfF+ → 0.9↑ 10→20

Roussy et al.,hep-ph/2212.11841

Combined fit
<latexit sha1_base64="wRojx8v/GRpMu2eePfmjfq/U8KE=">AAACH3icbZDLSgNBEEV74ju+oi7dFAbBhYYZkajoQnTjUsGokImhp1Mxjd0zQ3eNEIb8iRt/xY0LRcSdf2PnsfBV0HC4t4rqulGqpCXf//QKY+MTk1PTM8XZufmFxdLS8qVNMiOwJhKVmOuIW1QyxhpJUnidGuQ6UngV3Z30/at7NFYm8QV1U2xofhvLthScnNQsVUPnErSaOfZgyIewXQkgJKnRQuDf5Fvb+84zGsJNQAgPQOhmqexX/EHBXwhGUGajOmuWPsJWIjKNMQnFra0HfkqNnBuSQmGvGGYWUy7u+C3WHcbcLW/kg/t6sO6UFrQT415MMFC/T+RcW9vVkevUnDr2t9cX//PqGbX3GrmM04wwFsNF7UwBJdAPC1rSoCDVdcCFke6vIDrccEEu0qILIfh98l+4dGlWK9XznfLR8SiOabbK1tgGC9guO2Kn7IzVmGAP7Im9sFfv0Xv23rz3YWvBG82ssB/lfX4B03aftQ==</latexit>

|de| < 2.1→ 10→29 e cm
<latexit sha1_base64="/BJk3RMch+CXXsBWP4QCyhUIdMo=">AAACDXicbZC7SgNBFIZnvcZ4W7W0GYyCjWFXJBqwCKaxjGgukKzL7GSSDJmdXWbOCmHJC9j4KjYWitja2/k2Ti6FJh4Y+Pj/czhz/iAWXIPjfFsLi0vLK6uZtez6xubWtr2zW9NRoiir0khEqhEQzQSXrAocBGvEipEwEKwe9Msjv/7AlOaRvINBzLyQdCXvcErASL592DIu4LJ/iyd0id18EbeAh0xj17lPT4pD3845eWdceB7cKeTQtCq+/dVqRzQJmQQqiNZN14nBS4kCTgUbZluJZjGhfdJlTYOSmGVeOr5miI+M0sadSJknAY/V3xMpCbUehIHpDAn09Kw3Ev/zmgl0LryUyzgBJulkUScRGCI8iga3uWIUxMAAoYqbv2LaI4pQMAFmTQju7MnzUDvNu4V84eYsV7qaxpFB++gAHSMXnaMSukYVVEUUPaJn9IrerCfrxXq3PiatC9Z0Zg/9KevzB8ZumXw=</latexit>

|CS | < 1.9→ 10→9

[Courtesy of Nicola Valori, SMEFT meets ChiPT 2025]

https://arxiv.org/abs/2212.11841
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Heavy Baryon ChPt
[Jenkins, Manhoar, 1991]


EFT below        where nucleons are treated as non relativistic
<latexit sha1_base64="CagaWD9urB7/+2R4jNTvLGcIyv8="></latexit>

!ω

[Courtesy of Nicola Valori, SMEFT meets ChiPT 2025]
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Heavy Baryon ChPt
[Jenkins, Manhoar, 1991]


EFT below        where nucleons are treated as non relativistic
<latexit sha1_base64="CagaWD9urB7/+2R4jNTvLGcIyv8="></latexit>

!ω

<latexit sha1_base64="QTV5F20Fe8B1nZTbaJ0CN6CNuhg="></latexit>

N̄N ēω5e

N̄ω5N ēe

Relevant CP-odd interaction:

<latexit sha1_base64="w2GFRO352emAel+wtxFinqT3N2g="></latexit>

N̄ωµωε5N ēωεϑe

Non rel. limit

<latexit sha1_base64="lGvSLVoLIH7GwkJwcPXHtsviu8U="></latexit>

N̄N ēω5e
<latexit sha1_base64="Ee/DeUt/8evQKa4RrIw6J3aDJYg="></latexit>

0
<latexit sha1_base64="zVMIRhxS1Eyo+98Lc5FRX4yt2h8="></latexit>

vωN̄SµN ēωµωe

Nucleons add coherently

Average over spin

[Courtesy of Nicola Valori, SMEFT meets ChiPT 2025]
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Heavy Baryon ChPt
[Jenkins, Manhoar, 1991]


EFT below        where nucleons are treated as non relativistic
<latexit sha1_base64="CagaWD9urB7/+2R4jNTvLGcIyv8="></latexit>

!ω

<latexit sha1_base64="N7UiHRApegtoWYTkhMEA/pYeWgc="></latexit>

Cn n̄n ēω5e+ Cp p̄p ēω
5e

<latexit sha1_base64="Q8nXc/6betco6sWYbPhuZ7AmdHk="></latexit>

N̄(CS + C →
Sω3)N ēε5e

<latexit sha1_base64="GNzsmWmA9avlwzRcrJ7YjE5BYvs=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VRKR6kYounElFewDmlImk5t26GQSZiZiCf0EN/6KGxeKuHXpzr9x+kC09cCFwzn3cu89fsKZ0o7zZeUWFpeWV/KrhbX1jc0te3unruJUUqjRmMey6RMFnAmoaaY5NBMJJPI5NPz+5chv3IFULBa3epBAOyJdwUJGiTZSxz68PseeD10msiQiWrL7IU6w5xUE9kAEP2LHLjolZww8T9wpKaIpqh370wtimkYgNOVEqZbrJLqdEakZ5TAseKmChNA+6ULLUEEiUO1s/NAQHxglwGEsTQmNx+rviYxESg0i33Sa+3pq1huJ/3mtVIdn7YyJJNUg6GRRmHKsYzxKBwdMAtV8YAihkplbMe0RSag2GRZMCO7sy/Okflxyy6XyzUmxcjGNI4/20D46Qi46RRV0haqohih6QE/oBb1aj9az9Wa9T1pz1nRmF/2B9fENWmac1Q==</latexit>

N =

(
p
n

)

Z+N Z-N

<latexit sha1_base64="QTV5F20Fe8B1nZTbaJ0CN6CNuhg="></latexit>

N̄N ēω5e

N̄ω5N ēe

Relevant CP-odd interaction:

<latexit sha1_base64="w2GFRO352emAel+wtxFinqT3N2g="></latexit>

N̄ωµωε5N ēωεϑe

Non rel. limit

<latexit sha1_base64="lGvSLVoLIH7GwkJwcPXHtsviu8U="></latexit>

N̄N ēω5e
<latexit sha1_base64="Ee/DeUt/8evQKa4RrIw6J3aDJYg="></latexit>

0
<latexit sha1_base64="zVMIRhxS1Eyo+98Lc5FRX4yt2h8="></latexit>

vωN̄SµN ēωµωe

Nucleons add coherently

Average over spin

[Courtesy of Nicola Valori, SMEFT meets ChiPT 2025]



Matching at the nucleon scale
[Courtesy of Nicola Valori, SMEFT meets ChiPT 2025]



Matching at the nucleon scale
Non-perturbative matching at the confinement scale: connecting quark and gluons to nucleons

Relevant LEFT operators:

[Courtesy of Nicola Valori, SMEFT meets ChiPT 2025]
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Q

p, n

e→ 1-loop match to 

[Shifman et al., 1978]
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Light quarks contribution:
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Heavy quarks contribution:
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e→ 1-loop match to 
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[Courtesy of Nicola Valori, SMEFT meets ChiPT 2025]


