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No direct evidence for NP 
despite the many reasons for it 
[ presence of a mass gap? ]

10 TeV

What is experiment 
telling us?

1/101 TeV

Indirect new physics searches?



EFTs are essential to interpret experimental observations

(B)SM computations of experimental observables are multi-scale problems:      
Precision requires using EFTs  ( Renormalization Group (RG) resummation of large logs )

Multiple BSM models share the same EFT, so many computations are  reusable  ( “compute once for all” )
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Why Effective Field Theories (EFTs)?

EFTs offer a  model comprehensive  ( “model independent” ) approach to study deviations form the SM, 
organized in a double expansion in  and loop orders.E/Λ
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The LHC Effective Field Theory Working Group
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More info at https://lpcc.web.cern.ch/lhc-eft-wg

The LHC EFT WG gathers members of the LHC experiments and the theory community to provide a 
framework for the interpretation of LHC data in the context of EFTs

Recommendations for the use of EFT by the experiments 
( theory setup, Monte Carlo simulations, tools for EFT analyses… )

Forum for theoretical discussions of EFT issues 
( theoretical constraints, higher-order corrections, BSM interpretations… )

Discussions on common uncertainties and combination procedures used by the experiments 
( recommendations, developments, combinations that require coordination with other WGs… )

https://lpcc.web.cern.ch/lhc-eft-wg


LHC EFT WG Conveners
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You can reach us at: lhc-eftwg-admin@cern.ch

ATLAS: 

• Sarah Heim (Higgs WG contact) 
• Jacob Kempster (Top WG contact) 
• Karolos Potamianos (EW WG contact) 
• Sandra Kortner

CMS: 

• Matteo Presilla (EW WG contact) 
• Robert Schoefbeck (Top WG contact) 
• Nick Smith (Higgs WG contact) 
• Nicholas Wardle 

LHCb: 

• Greg Ciezarek  
• Christoph Langenbruch

Theory: 

• Ilaria Brivio 
• Anke Biekoetter (Higgs WG contact) 
• Shankha Banerjee (EW WG contact) 
• Javier Fuentes 
• Ken Mimasu (Top WG contact) 
• Dave Sutherland 
• Peter Stangl 

The steering group of the LHC EFT WG consists of 10 experimental and 7 theory conveners:

mailto:lhc-eftwg-admin@cern.ch


LHC EFT WG Main Areas
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The activities of the group are divided into 6 areas: 

Area 1:  EFT Formalism

Area 2:  Predictions and Tools

Area 3:  Experimental Measurements and Observables

Area 4:  Fits and Related Systematics

Area 5:  Benchmark scenarios from UV Models

Area 6:  Flavour

Model definitions

Model predictions

Global fits

Measurements & 
observables

Theory

Experiment



LHC EFT WG Activities
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Area-specific and general open meetings [ https://indico.cern.ch/category/12671/ ]

Save the date. Next general meeting!

https://indico.cern.ch/category/12671/


LHC EFT WG Activities
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Other early-stage activities ( e.g. internal discussions on the creation of a model matching database )

- Electroweak input parameters [ Area 1 ]

- Truncation, validity, uncertainties [ Area 1 ]

- Experimental Measurements and Observables [ Area 3 ]

- Precision matching of microscopic physics to the SMEFT [ Area 5 ]

- SMEFT predictions, event reweighting, and simulation (draft) [ Area 2 ]

LHC EFT WG documents [ Follow this link ]

https://cds.cern.ch/collection/LHC%20Effective%20Field%20Theory%20Working%20Group?ln=en


The EFT approach
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LSMEFT
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RG

RG

Typically, Standard Model Effective Theory (SMEFT) with dimension-6 operators only
… but not always ( dim-8 operators, HEFT, light particles… )



The rise of  automation

6

running

MW

<latexit sha1_base64="0Qw4yqAF5xVP5Iql0W1zHYTGX50=">AAAB+XicbVDLSsNAFJ34rPUVFdy4GSyCq5JIUZdFUVx0UaEvaEKYTG/boZMHMxOhxHyMrkTd+Rv+gH/jpGahrWd17j3nwrnHjzmTyrK+jKXlldW19dJGeXNre2fX3NvvyCgRFNo04pHo+UQCZyG0FVMcerEAEvgcuv7kOte7DyAki8KWmsbgBmQUsiGjROmVZx46AVFjSnjayLzUEQFu3Ny2Ms+sWFVrBrxI7IJUUIGmZ346g4gmAYSKciJl37Zi5aZEKEY5ZGUnkRATOiEj6GsakgCkm87yZ/hkGAmsxoBn829vSgIpp4GvPXlOOa/ly/+0fqKGl27KwjhREFJt0dow4VhFOK8BD5gAqvhUE0IF0ykxHRNBqNJllfX79vyzi6RzVrXPq7X7WqV+VRRRQkfoGJ0iG12gOrpDTdRGFD2iZ/SG3o3UeDJejNcf65JR3BygPzA+vgF445N8</latexit>

LLEFT

Λ

Energy 

matching

New model(s)

matching

Observables

running

<latexit sha1_base64="v0YR3Kqb0IMo1eZsD2YVLDfQ/Zk=">AAAB+nicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtRlURQXChX7giaEyXTSDp1JwsxEKDE/oytRd36GP+DfOKlZaOtZnXvPuXDP8WNGpbKsL6O0sLi0vFJeraytb2xumds7HRklApM2jlgkej6ShNGQtBVVjPRiQRD3Gen644tc7z4QIWkUttQkJi5Hw5AGFCOlV56553CkRhix9CbzUkdweH97edXKPLNq1awp4DyxC1IFBZqe+ekMIpxwEirMkJR924qVmyKhKGYkqziJJDHCYzQkfU1DxIl002mADB4GkYBqROB0/u1NEZdywn3tyR+Vs1q+/E/rJyo4c1MaxokiIdYWrQUJgyqCeQ9wQAXBik00QVhQ/SXEIyQQVrqtio5vz4adJ53jmn1Sq9/Vq43zoogy2AcH4AjY4BQ0wDVogjbAIAPP4A28G4/Gk/FivP5YS0Zxswv+wPj4BiPDk9o=</latexit>

LSMEFT
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The vast landscape of BSM models and the repetitive nature 
of EFT computations call for  automated solutions

 Main motivation

RG

RG



The rise of  automation
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JFM et al. '17 & '21 

LEFT running: Jenkins et al. '18

Jenkins et al. '13, '14;  
Alonso et al. '14

SMEFT running: 

LEFT basis: Jenkins et al. '18

SMEFT-LEFT matching: Dekens, Stoffer '19

“Hard-coded” one-loop results based on:
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wilsonww

Aebischer et al. '18

https://arxiv.org/abs/1704.04504
https://arxiv.org/abs/2010.16341
https://arxiv.org/abs/1711.05270
https://arxiv.org/abs/1308.2627
https://arxiv.org/abs/1310.4838
https://arxiv.org/abs/1312.2014
https://arxiv.org/abs/1709.04486
https://arxiv.org/abs/1908.05295
https://arxiv.org/abs/1804.05033


The rise of  automation
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LSMEFT
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Involvement of experimental collaborations into this program is crucial

Aebischer et al. '18

SMEFT likelihood ( smelli )

Straub ‘16

Giani et al. ‘23De Blas et al. ‘19

+ others
RG

RG flavio

HighPT
Allwicher et al. ‘22



The rise of  automation
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LSMEFT
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Much progress has been made:

• Tree-level matching to the SMEFT is a solved problem

MatchingTools: [ Criado '17 ]

[ de Blas, Criado, Pérez-Victoria, Santiago, '17 ]

W W
d

s

s

d

c

c

s

s

d

d

E ≪ mW

• One-loop can be the leading effect in important processes. E.g., in the SM

Similarly, in BSM models: dipoles, FCNCs, EW precision… 

RG

RG

https://arxiv.org/abs/1710.06445
https://arxiv.org/abs/1711.10391
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LSMEFT

Carmona et al. ‘21

Automated one-loop         
matching of many models

matchmakereft
JFM et al. ‘22
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RG

RG

( no heavy vectors for now! )

[ 2212.04510 ][ 2112.10787 ]

( See backup )

Completely different approaches : amplitude vs functional matching

https://arxiv.org/abs/2212.04510
https://arxiv.org/abs/2112.10787


The rise of  automation

6

running

MW

<latexit sha1_base64="0Qw4yqAF5xVP5Iql0W1zHYTGX50=">AAAB+XicbVDLSsNAFJ34rPUVFdy4GSyCq5JIUZdFUVx0UaEvaEKYTG/boZMHMxOhxHyMrkTd+Rv+gH/jpGahrWd17j3nwrnHjzmTyrK+jKXlldW19dJGeXNre2fX3NvvyCgRFNo04pHo+UQCZyG0FVMcerEAEvgcuv7kOte7DyAki8KWmsbgBmQUsiGjROmVZx46AVFjSnjayLzUEQFu3Ny2Ms+sWFVrBrxI7IJUUIGmZ346g4gmAYSKciJl37Zi5aZEKEY5ZGUnkRATOiEj6GsakgCkm87yZ/hkGAmsxoBn829vSgIpp4GvPXlOOa/ly/+0fqKGl27KwjhREFJt0dow4VhFOK8BD5gAqvhUE0IF0ykxHRNBqNJllfX79vyzi6RzVrXPq7X7WqV+VRRRQkfoGJ0iG12gOrpDTdRGFD2iZ/SG3o3UeDJejNcf65JR3BygPzA+vgF445N8</latexit>

LLEFT

Λ

Energy 

matching

New model(s)

matching

Observables

running

<latexit sha1_base64="v0YR3Kqb0IMo1eZsD2YVLDfQ/Zk=">AAAB+nicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtRlURQXChX7giaEyXTSDp1JwsxEKDE/oytRd36GP+DfOKlZaOtZnXvPuXDP8WNGpbKsL6O0sLi0vFJeraytb2xumds7HRklApM2jlgkej6ShNGQtBVVjPRiQRD3Gen644tc7z4QIWkUttQkJi5Hw5AGFCOlV56553CkRhix9CbzUkdweH97edXKPLNq1awp4DyxC1IFBZqe+ekMIpxwEirMkJR924qVmyKhKGYkqziJJDHCYzQkfU1DxIl002mADB4GkYBqROB0/u1NEZdywn3tyR+Vs1q+/E/rJyo4c1MaxokiIdYWrQUJgyqCeQ9wQAXBik00QVhQ/SXEIyQQVrqtio5vz4adJ53jmn1Sq9/Vq43zoogy2AcH4AjY4BQ0wDVogjbAIAPP4A28G4/Gk/FivP5YS0Zxswv+wPj4BiPDk9o=</latexit>

LSMEFT

Carmona et al. ‘21

Automated one-loop         
matching of many models

matchmakereft
JFM et al. ‘22
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RG

RG

[ 2212.04510 ][ 2112.10787 ]

• A matching database could be useful for further validation and 
benchmarking ( also as a SMEFT-UV dictionary )

( See backup )

- Need to be aware of limitations of the matching results
• Interfaces with SMEFT phenomenology tools

- Need to establish common conventions and data formats

Current discussions in LHC EFT WG Area 5:

Completely different approaches : amplitude vs functional matching

( no heavy vectors for now! )

https://arxiv.org/abs/2212.04510
https://arxiv.org/abs/2112.10787


Huge progress towards complete (one-loop) automation of EFT matching

The ultimate goal is a tool ( or chain of tools ) that fully automates

•Matching 

•RG evolution

•Connection to observables / fit to data

}
<latexit sha1_base64="pXfljx9EDhvAkaKR8mEsk2P23xQ=">AAACFHicdVBLSwMxGMzWV62vqkcvwSIIypJdWttj0YvHCvYBu0vJpmkbmn2QZIWy7I/w4l/x4kERrx68+W/M9gEqOhAYZuZLvowfcyYVQp9GYWV1bX2juFna2t7Z3SvvH3RklAhC2yTikej5WFLOQtpWTHHaiwXFgc9p159c5X73jgrJovBWTWPqBXgUsiEjWGmpXz5L3dkljhj5XopMVGvY9YtzZFpWo1qr5cRGVRtlbpb1y5VlAC4DcBmAlolmqIAFWv3yhzuISBLQUBGOpXQsFCsvxUIxwmlWchNJY0wmeEQdTUMcUOmls30yeKKVARxGQp9QwZn6fSLFgZTTwNfJAKux/O3l4l+ek6hhw0tZGCeKhmT+0DDhUEUwbwgOmKBE8akmmAimd4VkjAUmSvdY0iUsfwr/Jx3btHQzN9VK83JRRxEcgWNwCixQB01wDVqgDQi4B4/gGbwYD8aT8Wq8zaMFYzFzCH7AeP8CzJ6a3A==</latexit><latexit sha1_base64="pXfljx9EDhvAkaKR8mEsk2P23xQ=">AAACFHicdVBLSwMxGMzWV62vqkcvwSIIypJdWttj0YvHCvYBu0vJpmkbmn2QZIWy7I/w4l/x4kERrx68+W/M9gEqOhAYZuZLvowfcyYVQp9GYWV1bX2juFna2t7Z3SvvH3RklAhC2yTikej5WFLOQtpWTHHaiwXFgc9p159c5X73jgrJovBWTWPqBXgUsiEjWGmpXz5L3dkljhj5XopMVGvY9YtzZFpWo1qr5cRGVRtlbpb1y5VlAC4DcBmAlolmqIAFWv3yhzuISBLQUBGOpXQsFCsvxUIxwmlWchNJY0wmeEQdTUMcUOmls30yeKKVARxGQp9QwZn6fSLFgZTTwNfJAKux/O3l4l+ek6hhw0tZGCeKhmT+0DDhUEUwbwgOmKBE8akmmAimd4VkjAUmSvdY0iUsfwr/Jx3btHQzN9VK83JRRxEcgWNwCixQB01wDVqgDQi4B4/gGbwYD8aT8Wq8zaMFYzFzCH7AeP8CzJ6a3A==</latexit><latexit sha1_base64="pXfljx9EDhvAkaKR8mEsk2P23xQ=">AAACFHicdVBLSwMxGMzWV62vqkcvwSIIypJdWttj0YvHCvYBu0vJpmkbmn2QZIWy7I/w4l/x4kERrx68+W/M9gEqOhAYZuZLvowfcyYVQp9GYWV1bX2juFna2t7Z3SvvH3RklAhC2yTikej5WFLOQtpWTHHaiwXFgc9p159c5X73jgrJovBWTWPqBXgUsiEjWGmpXz5L3dkljhj5XopMVGvY9YtzZFpWo1qr5cRGVRtlbpb1y5VlAC4DcBmAlolmqIAFWv3yhzuISBLQUBGOpXQsFCsvxUIxwmlWchNJY0wmeEQdTUMcUOmls30yeKKVARxGQp9QwZn6fSLFgZTTwNfJAKux/O3l4l+ek6hhw0tZGCeKhmT+0DDhUEUwbwgOmKBE8akmmAimd4VkjAUmSvdY0iUsfwr/Jx3btHQzN9VK83JRRxEcgWNwCixQB01wDVqgDQi4B4/gGbwYD8aT8Wq8zaMFYzFzCH7AeP8CzJ6a3A==</latexit><latexit sha1_base64="pXfljx9EDhvAkaKR8mEsk2P23xQ=">AAACFHicdVBLSwMxGMzWV62vqkcvwSIIypJdWttj0YvHCvYBu0vJpmkbmn2QZIWy7I/w4l/x4kERrx68+W/M9gEqOhAYZuZLvowfcyYVQp9GYWV1bX2juFna2t7Z3SvvH3RklAhC2yTikej5WFLOQtpWTHHaiwXFgc9p159c5X73jgrJovBWTWPqBXgUsiEjWGmpXz5L3dkljhj5XopMVGvY9YtzZFpWo1qr5cRGVRtlbpb1y5VlAC4DcBmAlolmqIAFWv3yhzuISBLQUBGOpXQsFCsvxUIxwmlWchNJY0wmeEQdTUMcUOmls30yeKKVARxGQp9QwZn6fSLFgZTTwNfJAKux/O3l4l+ek6hhw0tZGCeKhmT+0DDhUEUwbwgOmKBE8akmmAimd4VkjAUmSvdY0iUsfwr/Jx3btHQzN9VK83JRRxEcgWNwCixQB01wDVqgDQi4B4/gGbwYD8aT8Wq8zaMFYzFzCH7AeP8CzJ6a3A==</latexit>

Multi-step matching 

The LHC EFT WG is active and welcomes participation from both theorist and experimentalist 

Interface with EFT pheno codes and experimental fits

You can follow all recent activities at the WG Indico page or by subscribing to the general WG mailing list

Summary and conclusions

streamlining future BSM analyses 
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Given the current experimental landscape, EFTs are taking a more prominent role in BSM searches

https://indico.cern.ch/category/12671/
http://simba3.web.cern.ch/simba3/SelfSubscription.aspx?groupName=lhc-eftwg


Thank you



To make your way through the BSM jungle



Matchete v0.2 now publicly available:

 One-loop matching  of any model with 
heavy scalars and/or fermions

Simple and intuitive input/output

Handles all group theory ( any group and reps )

Fully automated simplifications to EFT basis 
( IBP, field redefinitions/EOMs,… )

[ JFM, König, Pagès, Thomsen, Wilsch, 2212.04510 ]

                                         is a is a  Mathematica package  aimed at fully automating EFT matching and RG 
evolution of arbitrary weakly-coupled UV theories using functional methods

The Matchete package

Computation of RGEs not yet available 
(Coming soon!)

SSB and heavy vectors not yet supported

https://gitlab.com/matchete/matchete

https://arxiv.org/abs/2212.04510
https://gitlab.com/matchete/matchete


An example

SM + Vector-like lepton

E ∼ (1, 1)−1



An example: SM + Vector-like lepton



What’s new since December 2022?

Dimension-six one-loop matching
Model: SM + S1 + S3 (LQs)
CPU: Apple M3 (single core)

Significant performance improvements!

Bug fixing: matching, group theory, simplifications…

The community has been a tremendous help bringing issues to our attention!

More robust simplification routines: flavor, symmetry-vanishing operators…

Changed evaluation of supertraces: from CDE to Wilson lines [ Theory: JFM, Palavric, Sánchez, Thomsen, WIP ]



Work in progress: Counterterm evaluation and RG equations

The functional approach can be easily adapted to extract UV divergencies

A taste of what it will look like using Matchete for the SM

Ghost loops are not yet included *



Initial step: automatic identification of evanescent operators!

Some operator identities (like Fierz) are only valid in strictly  dimensionsd = 4

Sample diagrams*

Work in progress: Fierz (and other) identities and evanescent contributions

Application to the SMEFT: JFM, König, Pagès, Thomsen, Wilsch, 2211.09144

https://arxiv.org/abs/2211.09144


Work in progress: Matching to a particular SMEFT basis

The aim is to use the SMEFT 
Warsaw basis to interface 
with smelli and HighPT!

Aebischer et al., 1810.07698 
Allwicher et al., 2207.10756

Example model: SM + vector-like lepton * E ∼ (1, 1)−1

https://arxiv.org/abs/1810.07698
https://arxiv.org/abs/2207.10756

