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LHC: the story so far
Rediscovering the SM

Good agreement with the SM predictions
No sign of new light particles        SMEFT opens new directions

Searching for the unknown
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Effective Field Theory 

Standard Model

Effective Field Theory

UV physics (heavy particles)Energy

Λ

Effective Field Theory reveals high energy physics through precise low-energy 
measurements.
SMEFT assumptions: Heavy New Physics and Standard Model Symmetries

LSM (�) + Ldim6(�) + . . .

LSM (�)

LNP (�,Z
0, X,Q, S . . . ){new
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EFT pathway to New Physics

ΔObsn = ObsEXP
n − ObsSM

n =
1

Λ2 ∑
i

c6
i (μ)a6

n,i(μ) + 𝒪 ( 1
Λ4 )

Precise experimental measurements

Precise SMEFT predictions

Precise SM predictions
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Global nature of EFT

Adapted from K. Mimasu

SMEFT correlates different sectors, and the patterns of correlations pinpoint to the type of New Physics 
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Experimental data
Data from: Higgs, top, EW, (Flavour), & EWPO (LEP). 

Inclusive and differential: mostly unfolded to parton level

Experimental uncertainties and their correlations

Theory
Accurate predictions for the SM and the EFT

SM: (N)NLO QCD + NLO EW 

EFT: NLO QCD, linear and quadratic

6

Global fit ingredients

Output
Fit reports with bounds on coefficients, PCA, Fisher information
Constraints on New Physics scale
Fit results can be used to bound specific UV complete models

Methodology
Nested Sampling for quadratic fits
Analytic solution for linear fits
Avoid under- and over-fitting, validated on pseudo-data

Fitting  
Framework

See Marion’s talk for more details
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Experimental data
Data from: Higgs, top, EW, (Flavour), & EWPO (LEP). 

Inclusive and differential: mostly unfolded to parton level

Experimental uncertainties and their correlations

Theory
Accurate predictions for the SM and the EFT

SM: (N)NLO QCD + NLO EW 

EFT: NLO QCD, linear and quadratic
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Global fit ingredients

Output
Fit reports with bounds on coefficients, PCA, Fisher information
Constraints on New Physics scale
Fit results can be used to bound specific UV complete models

Methodology
Nested Sampling for quadratic fits
Analytic solution for linear fits
Avoid under- and over-fitting, validated on pseudo-data

Giani, Magni, Rojo arXiv:2302.06660

Other fitting frameworks: HEPFit 2507.06191  See Marion’s talk for more details
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LHC global fit results 

• Bounds varying between operators (~60 operators fitted)
• Most Wilson coefficient bounds below 1 for Λ=1 TeV
• Quadratic terms important (especially for 4-fermion operators)
• Least constrained coefficients are 4-top operators 

Linear Quadratic

Armadillo, Celada, ter Hoeve, Maltoni, Mantani, Rojo, Rossia, Tentori, Thomas, EV  arXiv:2604.16595 
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Optimising EFT interpretations

Global fits are probing ~100 operators using hundreds of data points
How can we get the most out of EFT interpretations? 

More Data, Better predictions
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Aspects of EFT predictions

• Higher Orders in QCD/EW couplings and in the 1/Λ2 expansion
• EFT is a QFT, renormalisable order-by-order in 1/Λ2

• Higher-order terms in the EFT expansion can also be added by 
considering higher-dimension operators

• Renormalisation Group Running and mixing

𝒪(αs, αew) + 𝒪 ( 1
Λ2 ) + 𝒪 ( αs

Λ2 ) + 𝒪 ( αew

Λ2 ) Does this matter?

ΔObsn = ObsEXP
n − ObsSM

n = ∑
i

c6
i (μ)
Λ2

a6
n,i(μ) + 𝒪 ( 1

Λ4 ) How about this ? μ
1-loop: (Alonso) Jenkins et al arXiv:1308.2627, 1310.4838, 1312.2014, 
2-loop: Born, Fuentes-Martin, Thomsen 2601.19974
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Higgs processes at NLO in the SMEFT

Bellafronte et al 2601.09599
Also implemented in public code

See also Maskos et al  2609.11681 for a Monte Carlo generator 

Probes unconstrained interactions: e.g. 4-top interactions and the self-coupling

New operators: new sensitivity

For loop-induced sensitivity see also: Di Noi et al 2310.18221, Bellafronte et al arXiv: 2304.00029, Freiheit, Haisch arXiv: 
2512.05857, Haisch et al arXiv:2410.13304, Haisch and Niggetiedt 2507.20803, Haisch 2503.06249
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Improving sensitivity with EW loops

4-heavy operators: complementarity of different sectors

Di Noi, El Faham, Grober, Vitti, EV arXiv: 2507.01137

see also: Di Noi et al 2310.18221, Bellafronte et 
al arXiv: 2304.00029, Freiheit, Haisch arXiv: 
2512.05857, Haisch et al arXiv:2410.13304

EWPO

tt̄

Higgs
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Lepton Collisions (<500 GeV)

Asteriadis, Dawson, Giardino, Szafron arXiv:2406.03557

Precision Higgs self-coupling probes

Hadron Collisions

Higgs pair production
ESPPU26 projections: 2504.00672 

See also : Maura, Stefanek, You arXiv: 2503.13719
ter Hoeve, Mantani, Rojo, Rossia EV arXiv: 2504.05974 Armadillo et al arXiv:2604.16595, see also ESPPU BB 
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RGE effects in EFT analyses

1-loop RGE 
(Alonso) Jenkins et al arXiv:1308.2627, 1310.4838, 1312.2014

Each observable entering the fit has a “natural” scale 
Scales can be different by more than 2 orders of magnitude in an LHC global fit
         RGE effects can be significant!

2-loop RGE 
2-loop: Born, Fuentes-Martin, Thomsen 2601.19974

Dynamical scales are essential in global fits
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Impact of two-loop RGE on Higgs observables

Thomas, Ventura, EV in preparation

Running of the top-Yukawa operator

New operators generated at 2-loops
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Impact of RGE on the constraints

What do RGEs do?
• Change of linear combinations of coefficients probed (rotation of directions)
• Introduction of new dependences and hence correlations between coefficients
• RGE-improved constraints can be either more or less stringent

ter Hoeve, Mantani, Rojo, Rossia EV arXiv: 2502.20453

Higgs
signal 

strengths

Mantani, Olgoso, Rossia arXiv:2604.16599

See also Bartocci, Biekotter, Hurth arXiv:2412.09674 

See Alejo’s talk for more details
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Example: Diboson production and cW
Maximally growing dimension-8 operators:  

Marginalisation over dim-8 coefficients can change the bounds on dim-6 

Degrande and Li 2303.10493 

When is dim-6 not enough?

Positivity and unitarity can also play a role 
Degrande et al 2511.15524, Chen et al 2309.15922

see also Gilles et al arXiv: 2412.16020, 2601.19495

no dim-8
How does introducing dim-8 operators change the bounds on dim-6 coefficient?

El Faham, Ventura, EV arXiv: 2511.04338
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Higher-order terms in the EFT expansion: O(1/Λ4)

GeoSMEFT: Flores-Hernandez and Martin 2602.12326

Potential new angular distributions but overall suppressed for  coefficients 𝒪(1)

O(1/Λ4) description 

See also: Hays et al 1808.00442, Corbett et al 2107.07470, Corbett and Rasmussen 
2110.03694, Corbett and Martin 2306.00053, Assi and Martin 2410.21563
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When SMEFT is not enough: HEFT vs SMEFT

Motivations for going beyond SMEFT:
1) Confirm SMEFT is enough: e.g. HEFT (also at higher-orders) for HH 
Brivio, Grober, Schmid arXiv: 2511.23411
2) UV models which cannot be described by SMEFT: e.g. Loryon models 

SMEFT assumes the SM symmetries leading to correlations
e.g. at dim-6 HVV and HHVV couplings, qqH and qqHH are correlated

Asiain, Grober, Tiberi arXiv:2602.16288

Singlet extension model

Dittmaier, Schuhmacher, Stahlhofen arXiv:2604.01125

gg → hh

H → W+W− → ℓνℓν̄
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Conclusions

• SMEFT is a consistent way to look for new interactions: a new standard for data 
interpretation

• Global fits results already available: important to combine as many processes as 
possible to extract maximal information

• Progress in precision computations in the SMEFT has an impact on probing new 
interactions

• Exploration of higher order terms in the EFT expansion and of HEFT are also 
underway



Thank you for your attention


