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The Standard Model EFT (SMEFT)

ǫ

○

E

(Mostly) Model-independent phenomenology

or ?

© Jacoter Hoeve

How we look for BSM with SMEFT process by process
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Why Global fits of SMEFT
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[A. .ƛŜƪǀǘǘŜǊΩǎseminar] 

© Fabio Maltoni, Luca Mantani

https://indico.bnl.gov/event/14918/attachments/41472/69484/EFT_Biekoetter_BNL.pdf


An overview of SMEFiT
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In a nutshell
A Python software for global interpretation of particle physics data in SMEFT

THEORY

SM: (N)NLO QCD + NLO EW
SMEFT: NLO QCD, quadratic in WCs

DATA

LEP+SLD:EWPOs, WW, BrWΧ
LHC: Higgs, top, VV... Mostly Run-2 

METHOD

BayesianNested Sampling
Analytic Linear fit
MC replicas

TOOLS

PCA, Fisher, closure tests, 
documentation.

v. 2.0: [2302.06660]  
v. 3.0: [2404.12809] 

445 (+1) data points!

Posterior on WCs

50 (+1) WCs!

https://github.com/LHCfitNikhef/smefit_release
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Operator basis

Fit of 45 (50) WCsat the linear (quadratic) level 

ÅWarsaw basis with rotations.

ÅFlavoursym.: Ὗς Ὗσ Ὗς Ὗρ Ὗρ ώȟȟ ὧ ȟȟ

Slide concept from E. Celada
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The likelihood
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Gaussian approximation

Two recommended fit routines

Analytic linear fit Bayesian Nested Sampling

Slide concept from L. Mantani

Feroz, Hobson, Cameron, Pettitt [1306.2144]

Quick

Precise

Flexible

Versatile

https://inspirehep.net/literature/2647303


Fitting code and database in 2 Githubrepositories

Open-source code
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github.com/LHCfitNikhef/smefit_release github.com/LHCfitNikhef/smefit_database

Documentation and results repo

lhcfitnikhef.github.io/smefit_release/

https://github.com/LHCfitNikhef/smefit_release
https://github.com/LHCfitNikhef/smefit_database
https://lhcfitnikhef.github.io/smefit_release/


User-friendly input format
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THEORY

SM: (N)NLO QCD + NLO EW
SMEFT: quadratic in WCs, NLO QCD 

(+ NLO EW)

DATA

LEP+SLD:EWPOs, WW, BrWΧ
LHC: Higgs, top, VV... Mostly Run-2 

Slide concept from L. Mantani



User-friendly interface
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We also provide a tutorial!

https://colab.research.google.com/github/LHCfitNikhef/smefit_release/blob/tutorial/tutorial/tutorial.ipynb


Automated analysis tools
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ÅRGE running: interface to                     with Matrix Evolution Approximation.

ÅDouble Higgs (HL-)LHC measurements/projections + ὩὩ ᴼὤὬ@NLO EW.
ÅOne more operator to fit: O ȿ•ȿ.

ÅJAX-enhanced: fast matrix calculations and GPU acceleration.

Recent updates (2023-now)
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ÅUV models: 1 or more heavy particles, tree or 1-loop matched.

ÅFull LEP dataset + Most recent LHC Run 2 data.

ÅProjections module to get HL-LHC projections + FCC-ee/CEPC predictions.

ÅExternal likelihoods interface:
ÅBeyond Gaussian approximation.
ÅEasy interface with other tools.

[1804.05033]

SMEFiT + UV: Match2fit

SMEFiT 3.0

SMEFiT + RGE

[2309.04523]

[2404.12809]

[2502.xxyyy]

https://inspirehep.net/literature/2647303
https://inspirehep.net/literature/2647303
https://inspirehep.net/literature/2647303
https://inspirehep.net/literature/2647303


SMEFiT 3.0: more data, 
present and future

Celada, Giani, ter Hoeve, Mantani, Rojo, ANR, Thomas, Vryonidou
[2404.12809] [JHEP 09 (2024) 091]
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Extended dataset
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Impact of new LHC Run 2 data
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SMEFiT3.0 results

Many bounds dominated by quadratic contributions

Marginalisedfit

LEP + LHC

Linear in EFT
Quadratic in EFT
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Pulls and correlations
Fit residuals (pulls) largely SMcompatible

No large correlations

4F

Quadratic

2F

Bos

4F

4HF
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An eye on the future

Work in Progress

Already implemented Celadaet al [2404.12809]

Armadillo et al [2503.xxyyy]

https://inspirehep.net/literature/2647303
https://inspirehep.net/literature/2647303
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How to forecast

Take SMEFiT 3.0 LHC datasets with 

highest int. luminosity

Pseudodatafluctuated around SM

Rescale uncertainties:

Statistical

Systematics

No HL-LHC optimization

(3 ab-1)

Snowmass + FCC midterm Feas. Rep.

Automated since SMEFiT 3.0
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Improvements at HL-LHC and FCC-ee

FCC-eeprobes well 
bosonic operators

And several 2-
fermion operators!

4-quark: HL -LHC 

improvement



SMEFiT + UV: connecting to Matchmakereftvia 
Match2fit

TerHoeve, Magni, Rojo, ANR, Vryonidou
[2309.04523] [JHEP 01 (2024) 179]
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UV perspective

ǫ

E UV model

SMEFT

Matching

Less parameters

Stronger correlations

Model dependent

Sharper interpretation
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Automation across scales

ǫ

E

○

UV model

SMEFT

Observables and Data

SMEFT@NLO
Fitmaker

[2112.10787] 

[2212. 04510] 

[1808. 04403] 

[2012. 11343] 

[2008. 11743] 

[1405.0301] 

[2012. 02779] 

[2208. 08454] 

[1910.14012] 

[2302.06660] 

Apologies for not including all tools/codes due to space restrictions.

[2303.16965]

[2012.02779] 

[2108.01094] 

[2111.05876] 

[2412.14253]

Match2fit

https://inspirehep.net/literature/2647303
https://arxiv.org/2108.01093
https://arxiv.org/2108.01093
https://inspirehep.net/literature/2647303
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Reusing EFT global fits for the UV

THEORY

DATA

METHOD TOOLS

Posterior on UV

UV Matching

Posterior on WCs
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match2fit

! ²ƻƭŦǊŀƳ aŀǘƘŜƳŀǘƛŎŀϰ ǇŀŎƪŀƎŜΣ Ŧǳƭƭȅ ŘƻŎǳƳŜƴǘŜŘ.

Reads results from Matchmakereft and produces run cards that can be 

fed into smefit to perform a fit .

Uses the same WC basis than SMEFiT.

It can impose UV flavor assumptions and evaluates the masses.

It can run Matchmakereftto do all at once.

It supports 1-loop matching results.

Improved v2.0 to be released soon: better handling of multi-particle models, better 
interface to SMEFiT, mass ǎŎŀƴǎΧ
Many ideas for v3.0: interface to SOLD, Matchete, WCxf, additional WC bases, ability 
to run SMEFiTΧ

https://github.com/arossia94/match2fit
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Match2fit v2.0 preview

2.0
yy/zz/2025

Mass value [TeV]

Matching Loop level

Output format

https://github.com/arossia94/match2fit
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One-part. models at tree level

M. Thomas EPS-HEP2023 ̙ 22/08/23

Dataset: SMEFiT 2.0 + EWPOs

Spin 1

Sensitivity to the sign of UV couplings Top couplings sensitive to quadratic-in-WCs pieces
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One-loop matching makes a difference

Dataset: SMEFiT 2.0 + EWPOs
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Projections for the future: 1-part. models

TerHoeve, Mantani, Rojo, ANR, Vryonidou[2502.xxyyy]
FCC Feasibility Report

95% CL reach in mass for unit UV couplings

Preliminary
Preliminary

https://inspirehep.net/literature/2647303
https://inspirehep.net/literature/2647303
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Projections for the future: UV couplings

Spin 1/2

Spin 1



Connecting Scales: RGE effects in the SMEFiT 
Global Fit from LHC to FCC-ee

TerHoeve, Mantani, Rojo, ANR, Vryonidou
[2502.xxyyy]



How we solve the RG Equations
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Matrix Evolution Approximation: decouples and linearizes the equations.



RGE implementation in the code
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[1804.05033]

ṓ

SMEFiTis interfaced to and includes wilson

Plenty of options on how to run

https://inspirehep.net/literature/2647303


RGE implies scale choices
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Each datapoint is assigned a scale for the dynamic mode



Effects in the global fit
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