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Standard Model effective field theory (SMEFT)
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model-independent probes of BSM phenomena by constraining values of the Wilson coefficients

effective extension of the SM Lagrangian for energies much higher than the SM scale:

mass dimension = 4
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Global SMEFT fits

● SMEFT gained a lot of popularity in 
recent years

● 59 dimension-six operators          
(2499 when considering flavor structure)

● EFT interpretations of single 
measurements can only constrain a 
small number of Wilson coefficients

global fits combining 
measurements from different 
physics sectors
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Synergies in SMEFT fits

JHEP 06 (2021) 010 
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https://link.springer.com/article/10.1007/JHEP06(2021)010
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Synergies in SMEFT fits

JHEP 06 (2021) 010 
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arXiv: 2304.12837

+ updated top-quark 
measurements

+ include Drell-Yan data

+ impose MFV flavor pattern to 
couple different sectors

https://link.springer.com/article/10.1007/JHEP06(2021)010
https://arxiv.org/abs/2304.12837
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Combining different energy scales & EFT formalisms

← Full theory of SM + BSM particles 

← SM particles 

← SM particles without t, h, W, Z
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Top-quark measurements

B physics measurements

(Weak Effective Theory)

=

(Weak Effective Theory)

1. running
2. matching

3. running

1. Running in SMEFT (RGE)

2. Matching SMEFT onto WET at scale μW

3. Running in WET (RGE)
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right-handed up-type quarks

MFV Flavor Structure
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● impose Minimal Flavor Violation (MFV) to couple different sectors

● MFV requires spurion expansion with Yukawa matrices:

Experimentalist 
talking about MFV

example for quark bilinears:

● rotation into mass basis & keeping only yt imposes correlations between sectors:

left-handed quarks

● re-parametrization: 

“ratio of higher-order corrections    
to leading terms”
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Free Parameters
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14 Wilson coefficients:
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Free Parameters

7

14 Wilson coefficients:
○ 7 semileptonic four-fermion operators
○ 4 penguin operators
○ 3 up-type dipole operators

2 ratios from MFV expansion:
○ γa for left-handed quark doublets
○ γb for right-handed up-quark singlets

total of 16 degrees of freedom
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Observables & Measurements
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Top Drell-Yan

Z decays

b → s
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Top-quark, B, Z, Drell-Yan

matching + running +  
theory calculations

MC simulations + 
interpolations

Constraints

Model

FitEFTfitter.jl

 
         Prior on      &  

Measurements
nominal values

uncertainties

correlations

https://github.com/bat/BAT.jl
https://github.com/tudo-physik-e4/EFTfitter.jl
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Results of the combined fit

10

total width of intervals 90% credible intervals
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Constraints on the MFV parameters

● posterior of γa peaks at -1.2 & 1.9

● expected: within [-1, 1] & centered 
around 0

● fit favors large higher-order 
corrections in the MFV expansion
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left-handed quarks
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Where is this pattern in γa coming from?

● b → s sector directly proportional 
to higher-order MFV corrections: 
very sensitive on γa 

● γa  = 0 would not allow for NP in 
this sector, which is contradicting 
the measurements

B anomalies seem to be origin of the shape of γa
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Impact of b → s𝜈𝜈 transitions

● b → s transitions only probe linear 
combinations of Wilson coefficients:

● only upper bounds on b → s𝜈𝜈 branching 
ratios available

13

● hypothetical BELLE II measurements:
(SM value + expected uncertainties)
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Impact of b → s𝜈𝜈 transitions

● recent evidence (3.5σ) on                      
decays by BELLE II (2311.14647)

14

90% credible intervals 
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Prediction of B → K𝜈𝜈 branching ratios

● idea: use posterior distribution to predict new observables not included in the fit

● here: branching ratios of B0→K*0𝜈𝜈 & B+→K+𝜈𝜈
● as expected: in agreement with SM & in reach of BELLE II 
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Summary & Conclusion
● SMEFT is a powerful tool to search for BSM physics at current experiments

● probing many operators at the same time requires global fits combining 
measurements from different sectors 
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Summary & Conclusion

Thank you for your attention!

● SMEFT is a powerful tool to search for BSM physics at current experiments

● probing many operators at the same time requires global fits combining 
measurements from different sectors 

● our analysis exploited synergies of top-quark, B, Z, and Drell-Yan data

● constrained 14 Wilson coefficients & 2 MFV parameters 

● B anomalies lead to unexpected pattern in MFV expansion

● dineutrino branching ratios can be crucial & predicted to be around the SM, 
within the reach of Belle II
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arXiv: 2304.12837

https://arxiv.org/abs/2304.12837
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Backup Slides
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Dimension-Six Operators in Warsaw Basis
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Combining different energy scales & EFT formalisms

← Full theory of SM + BSM particles 

← SM particles 

← SM particles without t, h, W, Z
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Top-quark measurements

B physics measurements

(Weak Effective Theory)

=
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Top-quark measurements

B physics measurements

(Weak Effective Theory)

=

(Weak Effective Theory)

1. running
2. matching

3. running

1. Running in SMEFT (RGE)

2. Matching SMEFT onto WET at scale μW

3. Running in WET (RGE)
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Weak Effective Theory - WET
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Tree-Level Matching
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One-Loop Matching
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MFV in SMEFT
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MFV Flavor Structure
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● re-parametrization: 

“ratio of higher-order corrections    
to leading terms”

● sensitivities to γa :

Experimentalist 
talking about MFV
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MC Simulation Chain
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Top-Quark & Drell-Yan Observables
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Top-Quark Drell-Yan



19.02.24 | Cornelius Grunwald Synergies from Beauty, Top, Z and Drell-Yan Measurements in SMEFT

B Observables & Sensitivities
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Observables Sensitivities
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 B → K𝜈𝜈 benchmark scenarios
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Top-quark Fit
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Top-quark Fit
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Drell-Yan Fits
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Impact of Top & Z on γa
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Constraints on the MFV parameters

● basically no constraints on γb

● expected as observables not very 
sensitive to γb

● posterior of γa peaks at -1.2 & 1.9

● expected: within [-1, 1] & centered 
around 0

● fit favors large higher-order 
corrections in the MFV expansion
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left-handed quarksright-handed up-type quarks


