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 Assumptions 

• No new light degrees of freedom 

• BSM physics appears above the electroweak scale, 
 

•  

Λ ≫ v

‘Fundamental’ theory

Effective theory 

BSM particle

Energy

Λ

mEW

The SM Effective Field Theory 
Describing BSM physics

ℒ = ℒSM + ∑
i

C(i)
5

Λ
O(i)

5 + ∑
i

C(i)
6

Λ2
O(i)

6 + …
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Γ

(pseudo)scalar

Cirigliano et al, ’10; González-Alonso, Camalich, ’16; Falkowski et al, ‘20



Observables 

• Low energy measurements 
• Described by effective 4-fermion interactions in LEFT (Lee-Yang theory) 

• Affected by charged currents 

ud, s

νℓ ℓ
=ℒLEFT ∼ GFϵΓ (ūΓd)(ℓ̄Γνℓ)
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Γ

(pseudo)scalar Tensor (axial)vector

+ +

Cirigliano et al, ’10; González-Alonso, Camalich, ’16; Falkowski et al, ‘20



• Low energy measurements 
• Described by effective 4-fermion interactions in LEFT (Lee-Yang theory) 

• Affected by charged currents 

Observables 

ud, s

νℓ ℓ
=ℒLEFT ∼ GFϵΓ (ūΓd)(ℓ̄Γνℓ)
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• LHC measurements 
• Described in SMEFT 

•  affected by charged & neutral currents 

• Use HighPT package at dimension-six level 

pp → ℓℓ, ℓνℓ

Observables 

ℓ, νℓZ, Wq

ℓ, νℓ

HighPT package:  L. Allwicher et al,  JHEP ’22; Comput. Phys. Commun. ’22

q′ 

q′ 

q ℓ, νℓ

ℓ, νℓ
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Explaining a heavy W 

• Can avoid impact of CKM unitarity by including  

•  constrained by LHC 

C(3)
lq

C(3)
lq

• SMEFT analyses explaining  

• Assume : 8 flavor-independent couplings 

• Fit to electroweak precision data 

mW

U(3)5

de Blas et al ’22,’21; Balkin et al ’22; Bagnaschi et al ‘22

• Same couplings contribute to  |Vud |2 + |Vus |2 − 1 = v2(CΔ − 2C(3)
lq )

•  symmetric fit to EWPO 

• Few parameters 

• Not self contained 

• Need to include low-energy data 

U(3)5

qL qL

lLlL

Crivellin et al, PRL ’21; Blennow et al PRD ‘22



A more ‘global’  
low-energy analysis
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Towards flavor-symmetry independence 

• Include all couplings that significantly affect EWPO and low-energy 

• Should not significantly change when including more observables 

• Couplings that are very constrained by other measurements cannot play a role

Analysis wishlist 

• Flavor-changing neutral currents are very constrained 

• e.g. by ,  

• Induced by several operators, e.g. 

K → (π)ℓ̄ℓ D → (π)ℓ̄ℓ
C(u,d)

HqC(u,d)
lq

• Only combinations that do not induce FCNCs can significantly affect low-energy, EWPO 

• Keep the diagonal of 

C(u)
Hq,lq ≡ V [C(1)

Hq,lq − C(3)
Hq,lq] V†

C(d)
Hq,lq ≡ C(1)

Hq,lq + C(3)
Hq,lq

qq′ qq′ 

ℓ ℓ Z
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Effect on CKM unitarity 
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What is improving CKM unitarity? 
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• Nonzero right-handed couplings preferred
• Simple solution with only  survives in much more general fit

• Could be probed at the LHC in WZ production

ϵR

See Heleen’s talk 
Cirigliano, Crivellin, Hoferichter, Moulson, PLB ‘23



Summary 

• EFTs can systematically describe any heavy new physics

• Allow one to compare measurements from LHC, EWPO to low energies



• Can be used to investigate discrepancies

• Need a rationale to decide which couplings to include

• Not all choices are robust when adding more observables

Summary 

• EFTs can systematically describe any heavy new physics
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• Can be used to investigate discrepancies

• Need a rationale to decide which couplings to include

• Not all choices are robust when adding more observables

Summary 

• More general analysis involves large number of operators

• Low-energy and EWP observables still probe  TeV

• Nonzero right-handed couplings still preferred

Λ ∼ 10

• EFTs can systematically describe any heavy new physics

• Allow one to compare measurements from LHC, EWPO to low energies
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Backup slides



,  decay inputβ π, K

Meson decays

Nuclear decays



Hadronic matrix elements



Electroweak precision input



Collider measurements


