
Looking Beyond the Standard 
Model with the SMEFT

“...the direct method may be used...but 
indirect methods will be needed in order to 

secure victory….”  
“The direct and the indirect lead on to each 
other in turn. It is like moving in a circle….” 

Who can exhaust the possibilities of their 
combination?”  

 Sun Tzu, The Art of War •John Ellis



Summary of the Standard Model
• Particles and SU(3) × SU(2) × U(1) quantum numbers: 

• Lagrangian:    gauge interactions 
      matter fermions 
       Yukawa interactions  
       Higgs potential

•

•

•

Where are we?

Tested < 0.1% 
before LHC

Testing now 
in progress



LHC Measurements

Agree with the  
Standard Model Higgs 

production



The Particle Higgsaw Puzzle

Has LHC found the missing piece? 
Is it the right shape? 
Is it the right size?



• Do couplings scale ~ mass? With scale = v? 

• Red line = SM, dashed line = best fit

It Walks and Quacks like a Higgs

JE & Tevong You

Global 

fit



… to make an end is to make a beginning. 
The end is where we start from. 

                                 T.S. Eliot



Everything about Higgs is Puzzling

• Pattern of Yukawa couplings y: 
– Flavour problem 

• Magnitude of mass term µ: 
– Naturalness/hierarchy problem 

• Magnitude of quartic coupling λ: 
– Stability of electroweak vacuum 

• Cosmological constant term V0: 
– Dark energy

+ …

Higher-dimensional interactions?



Effective Field Theories (EFTs)  
a long and glorious History

• 1930’s: “Standard Model” of QED had d=4 

• Fermi’s four-fermion theory of the weak force 

• Dimension-6 operators: form = S, P, V, A, T? 
– Due to exchanges of massive particles? 

• V-A ➔ massive vector bosons ➔ gauge theory 

• Yukawa’s meson theory of the strong N-N force 
– Due to exchanges of mesons? ➔ pions 

• Chiral dynamics of pions: (∂π∂π)ππ clue ➔ QCD



Standard Model Effective Field Theory 
a more powerful way to analyze the data

• Assume the Standard Model Lagrangian is correct 
(quantum numbers of particles) but incomplete 

• Look for additional interactions between SM 
particles 

• Analyze Higgs data together with electroweak 
precision data and top data 

• Most efficient way to extract largest amount of 
information from LHC and other data 

• Model-independent way to look for physics 
beyond the Standard Model (BSM)



• Include all leading dimension-6 operators? 

• Simplify by assuming SU(3)5 or  
SU(2)2 X SU(3)3 symmetry for fermions 

• Work to linear order in operator 
coefficients 

• Use GF, MZ, α as input parameters 

Summarize Analysis Framework
JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779



Dimension-6 Operators in Detail

• Including 2- and 4-
fermion operators 

• Various colours for 
different data 
sectors 

• Grey cells violate 
SU(3)5 symmetry 

• Important when 
including top 
observables

JE, Madigan, Mimasu, Sanz & You, 
arXiv:2012.02779



Operators included in Global Fit
• Operators in flavour-universal SU(3)5 fit 

• Operators in top-specific SU(2)2 x SU(3)3 fit

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779

Indicating which  
sectors constrain 
which operators



• Global fit to dimension-6 operators using 
precision electroweak data, W+W- at LEP, 
top, Higgs and diboson data from LHC Runs 
1 and 2 

• Constraints on BSM 
• At tree level 
• At loop level

Global SMEFT Fit 
to Top, Higgs, Diboson, Electroweak Data 

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779



Data included in Global Fit

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779

328 measurements 
included in 

global analysis



Dimension-6 
Constraints with 

Flavour-Universal 
SU(3)5 Symmetry

• Individual 
operator 
coefficients 

• Marginalised 
over all other 
operator 
coefficients

JE, Madigan, Mimasu, Sanz & You, 
arXiv:2012.02779



Impacts of Measurements



Dimension-6 
Constraints with 

Top-Specific 
SU(2)2 x SU(3)3

JE, Madigan, Mimasu, Sanz & You, 
arXiv:2012.02779

• Individual 
operator 
coefficients 

• Marginalised 
over all other 
operator 
coefficients



Correlation 
Analysis

JE, Madigan, Mimasu, Sanz & You, 
arXiv:2012.02779

• EWPO and 
boson sectors 
correlated 

• Also within top 
sector 

• Weaker 
correlations 
between sectors



Example of Interplay between Data Sets

• Higgs data 
• Include ttH 
• Include top data 
• Global analysis

JE, Madigan, Mimasu, Sanz & You, 
arXiv:2012.02779



Principal 
Component 

Analysis

JE, Madigan, Mimasu, Sanz & You, 
arXiv:2012.02779

R
elative im

portance (%
)

Less constrained operator combinations ➔

• Diagonalise correlation 
matrix 

• Analyze eigenvectors 
and eigenvalues 

• Scales from 20 TeV to 
100 GeV 

• Strongest constraints 
from Electroweak, H



Single-Field Extensions of the Standard Model

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779

Spin zero

Vector



JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779

Contributions to SMEFT Coefficients

Spin zero

Spin zero

Spin zero
Vector

Vector



Constraints on Single-Field BSM Scenarios

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779

• No significant 
pulls away 
from SM 

• Any single-
field 
extension of 
SM must 
have mass 
scale > 400 
GeV if 
coupling = 1

Scalar could  
weigh 800 GeV

Vector must 
weigh > 1.5 TeV



SMEFT Constraints 
on Light Stops

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779

(Almost) model-independent lower limit on stop squark mass

From quantum loop corrections:



Direct Search Constraints on Light Stops

• Patchwork of 
many model-
dependent 
searches 

• Indirect constraint 
excludes low-
mass region 
(almost) model-
independently



Model-Independent BSM Survey

JE, Madigan, Mimasu, Sanz & You, 
arXiv:2012.02779

• Top-less sector 
fits SM very 
well 

• Top sector does 
not fit so well 

• Overall, pulls 
not excessive 

• No hint of BSM



Comparison of Linear and Quadratic Fits

Ethier et al., arXiv:2105.00006

• Quadratic fit does 
not include EWPOs 

• Tighter constraints 
in general 

• What about 
dimension 8? 

• Fitting process 
slower, difficult to 
make broad BSM 
survey



















Summary
• Remember Sun Tzu: search for new physics 

indirectly as well as directly 
• SMEFT is an effective, model-independent tool for 

probing indirectly possible physics beyond the SM 
• It can be used to analyze jointly precision 

electroweak, diboson and top quark data from LHC 
and elsewhere 

• Our current analysis indicates that the scale of new 
physics is probably > TeV 

• Useful for assessing sensitivities of proposed 
future accelerators



Precision 
Electroweak 

Measurements 
with FCC-ee

•

Blondel et al, arXiv:1809.01830



Future EFT Constraints from Higgs and 
Electroweak Measurements

Dark colours include 
theoretical errors

FCC CDR



Beyond Dimension 6
• Neutral triple gauge couplings  
 have no dimension-4, -6 contributions 
• Appear first at dimension-8: 

• Probe in e+e- ➔ Zγ, using hadronic Z decays: 

• Unpolarized beams: Λ>> ECM  JE, He & Xiao, arXiv:2008.04298  
(JE, Ge, He & Xiao, arXiv:1902.06632)







Summary

  Dimension 4

SMEFT 
dimensions > 4

Standard Model

•https://www.youtube.com/watch?v=Ts6vS-qYuY4


