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The Standard Model EFT (SMEFT)
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(Mostly) Model-independent phenomenology

or ?

© Jaco ter Hoeve

How we look for BSM with SMEFT process by process
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Why Global fits of SMEFT
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Correlations, correlations everywhere…

[A. Biekötter’s seminar] 

© 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, BrW…
LHC: Higgs, top, VV... Mostly Run-2 

METHOD

Bayesian Nested 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


| SMEFiT 3.0 and beyond | Alejo N. Rossia, 27 January 2025 6

Operator basis

Fit of 45 (50) WCs at the linear (quadratic) level 

• Warsaw basis with rotations.

• Flavour sym.: 𝑈(2)𝑞 × 𝑈(3)𝑑 × 𝑈(2)𝑢 × (𝑈(1)𝑙 × 𝑈(1)𝑒)
3 + 𝑦𝑏,𝑐,𝜏

𝑆𝑀 + 𝑐𝜑(𝑏,𝑐,𝜏)

Slide concept from E. Celada



| SMEFiT 3.0 and beyond | Alejo N. Rossia, 27 January 2025 7

The likelihood

−2 logℒ =
1

𝑛dat
෍

𝑖,𝑗=1

𝑛dat

𝜎𝑖,SMEFT 𝑐 − 𝜎𝑖,exp cov−1 𝑖𝑗 𝜎𝑗,SMEFT 𝑐 − 𝜎𝑗,exp

cov = covth + covexp

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 Github repositories

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, BrW…
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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• RGE running: interface to                     with Matrix Evolution Approximation.

• Double Higgs (HL-)LHC measurements/projections + 𝑒+𝑒− → 𝑍ℎ @NLO EW.
• One more operator to fit: O𝜑 = |𝜑|6.

• JAX-enhanced: fast matrix calculations and GPU acceleration.

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

• Full LEP dataset + Most recent LHC Run 2 data.

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

• External likelihoods interface:
• Beyond Gaussian approximation.
• Easy 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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+7
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+36

+32

+11
+11
+44

+128
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Impact of new LHC Run 2 data
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SMEFiT 3.0 results

Many bounds dominated by quadratic contributions

● Marginalised fit

● LEP + LHC

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

No large correlations

4F

Quadratic

2F

Bos

4F

4HF

2F

4L

Bos
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An eye on the future

Work in Progress

Already implemented Celada et 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

● Pseudodata fluctuated 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-ee probes well 
bosonic operators

And several 2-
fermion operators!

4-quark: HL-LHC 

improvement



SMEFiT + UV: connecting to Matchmakereft via 
Match2fit

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

Λ

E UV model

SMEFT

Matching

● Less parameters

● Stronger correlations

● Model dependent

● Sharper interpretation
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Automation across scales

Λ

E

𝒗

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

● A Wolfram Mathematica™ package, fully documented.

● 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 Matchmakereft to 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 scans…

● Many ideas for v3.0: interface to SOLD, Matchete, WCxf, additional WC bases, ability 
to run SMEFiT…

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

Ter Hoeve, 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

Ter Hoeve, 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]

⊃

SMEFiT is 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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Effects in linear the global fit
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Effects in the global fit
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Scale 
variation
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RGE with UV models at future colliders
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Conclusions

• We have the tools for the full cycle of the EFT program for BSM Physics.

• SMEFiT allows to interpret LHC data at the EFT and UV model levels from one set of 
predictions.

• SMEFiT includes up-to-date LHC Run 2 data and future projections. And it’s easy to add 
datasets!

• Match2fit provides a simple and flexible SMEFiT-MMEFT interface.

• We can account for RGE effects, which are particularly big for UV models and future colliders.

• SMEFiT is becoming more than just a fitting code, it’s a hub for SMEFT phenomenology.

• Several exciting developments to come.
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Thanks for your attention!

40.Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24

Contact:

Alejo N. Rossia

E-mail: alejonahuel dot rossia at unipd dot it



Appendix

Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 A0.
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Restrictions from EFT flavor symmetry for UV fits

A2.

● Your model produces an operator that should vanish and does not enter in 
any fitted process.
● The bounds from the fit might be suboptimal with respect to bounds 

from other processes.

● Your model produces an operator that should vanish and enters some 
processes in the dataset.
● The bounds from the fit might not be trustworthy and suboptimal.

● The symmetry assumes two WCs to be equal but your model produces 
them with different values.
● Match2fit will take only one of those values and ignore the other. 

Unless the difference is small, the bounds from the fit are not 
trustworthy.
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Probability in UV and WC spaces

A4.

The relation between PDFs in WC and UV space can be misleading.

SMEFiT supports relations among fit parameters like:

The exponents can be rational numbers of any sign. 
This imposes restrictions on the supported matching relations.

Additional technicalities for UV fits
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One-part. models at tree level

M. Thomas EPS-HEP2023 – 22/08/23
A5.

Dataset: SMEFiT 2.0 + EWPOs

Scalars Fermions Vectors

Good agreement with the Fitmaker results



| SMEFiT 3.0 and beyond | Alejo N. Rossia, 27 January 2025 45
M. Thomas EPS-HEP2023 – 22/08/23

A6.

Multi-particle models at tree level

Dataset: SMEFiT 2.0 + EWPOs

Spin 1

Spin 1/2
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List of models
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UV Couplings
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Correlations in linear fit
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HL-LHC impact in detail
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FCC-ee Energy runs
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FCC-ee Energy runs
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HL-LHCLEP+LHC

FC
C

-e
e

• Quantifies which datasets have more 
sensitivity to given operator

• Proxy for linear individual fit 
• FCC-ee dominates nearly all operators 

except 4-quark operators, only accessible in 
pp collisions (tree level)

• Combination of 91 GeV and 240 GeV runs 
important to pin down 2-fermion and gauge 
operators

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

4H

2L2H

2F

Bos

Fisher Information matrix
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The power of multi(di)-boson
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The special case of EW quadruplets
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Kappa-Framework fit, a SMEFiT child

Armadillo et al [2503.xxyyy]

https://inspirehep.net/literature/2647303

