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• Lots of measurements, mostly in agreement 
with the SM 

• Searches for new physics at high energy 
require a general approach

The high energy picture

• The SMEFT reveals high energy physics effects 
through precise measurements at low energy

Nature



A way forward: global fits
• Cross-talk between different sectors (Higgs, top, EW)  
• The interplay requires a global analysis

[arXiv: 1804.09766]
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A way forward: global fits

Anke Biekötter - HET seminar BrookhavenFitmaker Collaboration [arXiv:2012.02779]

• Cross-talk between different sectors (Higgs, top, EW)  
• The interplay requires a global analysis
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SMEFT is general 😃 
• Ideal framework to look for overall pattern in global fits 
SMEFT is general 😵💫 
• Large number of operator coefficients, many datasets needed to break degeneracies
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• Extension of SMEFiT2.0 with up-to-date LHC Run-II datasets on top, diboson and Higgs 
production 

• Exact treatment of LEP and SLD Electroweak Precision Observables (EWPOs) 

• Projections for HL-LHC pseudodata extrapolated from Run-II data, FCC-ee and CEPC 
pseudodata from Snowmass predictions updated with FCC midterm Feasibility Report 

• Results for LHC Run-II and future colliders in terms of Wilson coefficients and UV-complete 
models 

• Impact of RGE effects in global fits and the prospects on Higgs trilinear coupling are now 
available: see yesterday A. Rossia’s talk for more 

• Public code, data and theory: results are fully reproducible 

SMEFiT3.0: a summary

[lhcfitnikhef.github.io/smefit_release/]

[arXiv:2105.00006]

[arXiv:2309.04523]

[arXiv:2206.08326] 
[CERN/3789/RA]

[arXiv:2502.20453] 
[arXiv:2504.05974]
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The SMEFiT setup
Experimental data

445 data points from Higgs, top, diboson 
(LHC) & EWPOs (LEP) 

Experimental uncertainties + correlations 
as provided by experiments 

Giani, Magni, Rojo, arXiv:2302.06660
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The SMEFiT setup
Theory

SM: (N)NLO QCD  + NLO EW 

EFT: NLO QCD, linear and quadratics,  
with SMEFT@NLO in madgraph  

NNPDF4.0 no top 
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The SMEFiT setup
Experimental data

445 data points from Higgs, top, diboson 
(LHC) & EWPOs (LEP) 

Experimental uncertainties + correlations 
as provided by experiments 

Methodology

Linear fit: Analytical solution 
Quadratic fit: Nested sampling 

(Bayesian inference)

Giani, Magni, Rojo, arXiv:2302.06660
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The SMEFiT setup
Experimental data

445 data points from Higgs, top, diboson 
(LHC) & EWPOs (LEP) 

Experimental uncertainties + correlations 
as provided by experiments 

Methodology

Linear fit: Analytical solution 
Quadratic fit: Nested sampling 

(Bayesian inference)

Output
Automatised fit report with bounds on 

coefficients, posterior distributions, 
correlations, Fisher information… 

Giani, Magni, Rojo, arXiv:2302.06660
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Theory

SM: (N)NLO QCD  + NLO EW 

EFT: NLO QCD, linear and quadratics,  
with SMEFT@NLO in madgraph  

NNPDF4.0 no top 
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Experimental input
Extension of SMEFiT2.0 with recent LHC Run-II datasets on top, diboson and Higgs 
production 

SMEFiT3.0: EC, Giani, ter Hoeve, Mantani, Rojo, Rossia, Thomas, Vryonidou [arXiv:2404.12809] 
SMEFiT2.0:  Ethier, Maltoni, Mantani, Nocera, Rojo, Slade, Vryonidou, Zhang [arXiv:2105.00006]

+118 data points

5Eugenia Celada - Higgs/top/EW SMEFT fit at the FCC-ee

https://arxiv.org/abs/2404.12809
https://arxiv.org/abs/2105.00006


Theory input: operators
• Warsaw basis of dim-6 SMEFT operators 
• Flavour symmetry: 

  
• + Yukawa of bottom, charm and tau

U(2)q × U(3)d × U(2)u × (U(1)l × U(1)e)3
Simultaneous fi

Wilson coeffi
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Current global fit results

• Most bounds below 1 for  TeV 
• Quadratic terms important (mostly 2-

light-2-heavy 
• Least

Λ = 1

Marginalised linear and quadratic
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Current global fit results

• Most bounds below 1 for  TeV 
• Quadratic terms important (mostly 2-

light-2-heavy) 
• Least constrained are 4-heavy operators

Λ = 1

Marginalised linear and quadratic
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Current global fit results

Fit residuals (pulls) largely consistent with the SM 

Exceptions 

• : tension in one of the  and the others included in the fit 

•  , : P>2 appear as a consequence of correlations 
(absent in one parameter fits)

ctG tt̄

cϕd c(3)
ϕq
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Current global fit results
Quadratic contributions are relevant in removing correlations 

Large correlations in the linear fit …                           … are lifted in the quadratic fit
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Prospects at future colliders

Implemented in SMEFiT3.0
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HL-LHC results

Baseline: LHC, marginalised, quadratic
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HL-LHC results
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Baseline: LHC, marginalised, quadratic
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• L1 projections of Run II datasets 
• pseudodata fluctuated around SM theory 
• statistics rescaled by luminosity 
• systematics reduced by a factor 2 

• marginalised bounds improve by a factor 
1.2-3 

• individual bounds are overly optimistic 

• 2-light-2-heavy improved by a factor 2 
(further improvement of a factor 2  expected 
with a dedicated binning)
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• L1 projections of Run II datasets 
• pseudodata fluctuated around SM theory 
• statistics rescaled by luminosity 
• systematics reduced by a factor 2 

• marginalised bounds improve by a 
factor 1.2-3 

• individual bounds are overly optimistic 

• 2-light-2-heavy improved by 30% (further 
improvement of a factor 2 expected with a 
dedicated binning)

[arXiv:2206.08326] 
[arXiv:2205.02140]



Future circular lepton colliders

• Dataset input 
• EWPOs at the Z pole 
• light fermion pair production 
• Higgs production (Higgstrahlung and VBF) 
• diboson ( ) production 
• top pair production 

• Uncertainty projections from Snowmass 
study updated with FCC midterm Feasibility 
Report

WW

[arXiv:2206.08326] 
[CERN/3789/RA]
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FCC-ee and CEPC
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FCC-ee results

1

• gauge operators improve of up to a 
factor 30 

• 2-fermion operators improve of up to a 
factor 50 

• no sensitivity to 4-quark operators: 
improvement only from marginalisation 

Further improvement expected from 
NLO corrections 

[see for instance arXiv: 1809.03520,  
arXiv: 2409.11466]

Baseline: LHC, marginalised, quadratic
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• The Fisher information matrix quantifies 
which dataset is most sensitive to a EFT 
parameter (each row is normalised by 100) 

• neglects correlations and quadratic effects 

• HL-LHC dominates in the 2-light-2-heavy 
and 4-heavy sectors 

• FCC-ee dominates in the bosonic and 2-
fermion sector 

• FCC-ee run at 161 GeV is the less useful 
for SMEFT

Fisher information
LHC (baseline) HL-LHC FCC-ee

15Eugenia Celada - Higgs/top/EW SMEFT fit at the FCC-ee



Conclusions & outlook

• SMEFT is a consistent way to look for new interactions 

• Global fits need to combine all the processes available  

• SMEFiT3.0 in the biggest global SMEFT analysis to date: 50 Wilson coefficients and 
445 datapoints 

• Significant and complementary improvement in New Physics reach expected at the  
HL-LHC and at future circular lepton colliders 

• Extension to other future colliders (FCC-hh, ILC, CLIC, muon collider) in progress 

• Code, data and theory are public and available at lhcfitnikhef.github.io/smefit_release/
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Backup



EWPOs exact implementation

1

• SMEFiT2.0: assume LEP/SLD measurements precise enough to 
set coupling shift to 0 

•  only 2 independent Wilson coefficients

• In the SMEFT, Z and W fermionic coupling receive contributions from dim-6 operators

• SMEFiT3.0: EWPOs implemented 
like the rest of LHC data 

•   16 independent Wilson 
coefficients

no major difference, but the 
approximate implementation 
resulted in too stringent constraints 
on some EW operators
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New LHC datasets

Eugenia Celada - Higgs/top/EW SMEFT fit at the FCC-ee



Impact of new datasets

strongest improvement 
on the 2-light-2-heavy 
operator coefficients 
(factor 2-3)

from: 
•  production 
•  in 

tt̄
AC tt̄
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L0 vs L1 projections
• Level-0: no fluctuation of the pseudo-data 

• Level-1: 
• pseudodata fluctuated around SM 

• statistics rescaled by luminosity 

• systematics reduced by a factor  

Good agreement found between the two approaches.

f (k)
red = 1/2
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FCC-ee energy breakdown

Study the impact of sequentially adding 
different runs 
• largest impact from 91 + 240 GeV 

combination 
• 365 GeV also relevant
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