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Abstract: HEPfit is a flexible open-source tool which, given the Standard Model or any of its

extensions, allows to i) fit the model parameters to a given set of experimental observables; ii)

obtain predictions for observables. HEPfit can be used either in Monte Carlo mode, to perform a

Bayesian Markov Chain Monte Carlo analysis of a given model, or as a library, to obtain predictions

of observables for a given point in the parameter space of the model, allowing HEPfit to be used

in any statistical framework. In the present version, around a thousand observables have been

implemented in the Standard Model and in several new physics scenarios. In this paper, we

describe the general structure of the code as well as models and observables implemented in the

current release.
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• SMEFT interpretation toolbox:
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SMEFT-Tools 2022 
Zürich, September 16, 2022

●
✓
✓
✓
✓
✓

●
✓
✓
✓

✓

LHC EFT WG meeting - Area 4: fits and related systematics
January 27, 2021

LHC EFT WG 2

EFTfitter Fitmaker

MatchMakereft 
A Calculator of Functional Supertraces

for One-Loop EFT Matching

Anders Eller Thomsen
with J. Fuentes-Mart́ın, M. König,

J. Pagès, and F. Wilsch [2012.08506]

EFT WG Area 5

February 8th 2020

thomsen@itp.unibe.ch

CoDEx
CoDEx : Wilson coe�cient calculator

connecting SMEFT to UV theory

Supratim Das Bakshi,1, ú Joydeep Chakrabortty,1, † and Sunando Kumar Patra1, ‡

1Department of Physics, Indian Institute of Technology, Kanpur-208016, India

CoDEx is a Mathematica® package that calculates the Wilson Coe�cients (WCs) corresponding to
e�ective operators up to mass dimension-6. Once the part of the Lagrangian involving single as well
as multiple degenerate heavy fields, belonging to some Beyond Standard Model (BSM) theory, is
given, the package can then integrate out propagators from the tree as well as 1-loop diagrams of
that BSM theory. It then computes the associated WCs up to 1-loop level, for two di�erent bases:
"Warsaw" and "SILH". CoDEx requires only very basic information about the heavy field(s), e.g.,
Colour, Isospin, Hyper-charge, Mass, and Spin. The package first calculates the WCs at the high
scale (mass of the heavy field(s)). We then have an option to perform the renormalisation group
evolutions (RGEs) of these operators in "Warsaw" basis, a complete one (unlike "SILH"), using the
anomalous dimension matrix. Thus, one can get all e�ective operators at the electro-weak scale,
generated from any such BSM theory, containing heavy fields of spin: 0, 1/2, and 1. We have
provided many example models (both here and in the package-documentation) that more or less
encompass di�erent choices of heavy fields and interactions. Relying on the status of the present day
precision data, we restrict ourselves up to dimension-6 e�ective operators. This will be generalised
for any dimensional operators in a later version.

Program Summary

Program Title: CoDEx
Version: 1.0.0
Licensing provisions: CC By 4.0
Programming language: Wolfram Language®

URL: https://effexteam.github.io/CoDEx
Send BUG reports and Questions: effex.package@gmail.com

ú
sdbakshi13@gmail.com

†
joydeep.chakrabortty@gmail.com

‡
sunando.patra@gmail.com
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Matchmakereft: automated tree-level and one-loop matching

Adrián Carmona a,b, Achilleas Lazopoulos b, Pablo Olgoso a and José
Santiago a

a CAFPE and Departamento de F́ısica Teórica y del Cosmos, Universidad de Granada,
Campus de Fuentenueva, E–18071 Granada, Spain

b Institute for Theoretical Physics, ETZ Zürich, 8093 Zürich, Switzerland

Abstract

We introduce matchmakereft, a fully automated tool to compute the tree-
level and one-loop matching of arbitrary models onto arbitrary e↵ective theories.
Matchmakereft performs an o↵-shell matching, using diagrammatic methods and
the BFM when gauge theories are involved. The large redundancy inherent to the
o↵-shell matching together with explicit gauge invariance o↵ers a significant number
of non-trivial checks of the results provided. These results are given in the physical
basis but several intermediate results, including the matching in the Green basis
before and after canonical normalization, are given for flexibility and the possibility
of further cross-checks. As a non-trivial example we provide the complete matching
in the Warsaw basis up to one loop of an extension of the Standard Model with
a charge �1 vector-like lepton singlet. Matchmakereft has been built with gener-
ality, flexibility and e�ciency in mind. These ingredients allow matchmakereft to
have many applications beyond the matching between models and e↵ective theo-
ries. Some of these applications include the one-loop renormalization of arbitrary
theories (including the calculation of the one-loop renormalization group equations
for arbitrary theories); the translation between di↵erent Green bases for a fixed
e↵ective theory or the check of (o↵-shell) linear independence of the operators in an
e↵ective theory. All these applications are performed in a fully automated way by
matchmakereft.

ar
X

iv
:2

11
2.

10
78

7v
1 

 [h
ep

-p
h]

  2
0 

D
ec

 2
02

1

Why EFTs in BSM Physics?

Match any high-scale New Physics to an agreed-upon parameterizationú.

Low-energy phenomenology can simply be extracted from reference
results derived using said parameterization!

As an added benefit of the EFT framework, logarithmic corrections are
easily included.

Still, this is a lenghty task, heavy on book-keeping, easy to make
mistakes, miss contributions, ...

Find an automated solution, in order to
MATCH E�ective Theories E�ciently .

Automated One-Loop Matching with MATCHETE

MatchingTools

BasisGen Sym2Int

UV theory/BSM

IR→EFT

Λ R
G

E

EFT Pheno

EFT vs. Data

[Degrande, et al.; EPJC 77 (2017) 4, 262] 

Quark-initiated

[Bylund et al.; JHEP 1605 (2016) 052]gg, loop-induced

K. Mimasu - SMEFT-Tools - 14/09/2022 SMEFT in MadGraph5_aMC@NLO 20

Higgs production

K. Mimasu - SMEFT-Tools - 14/09/2022 SMEFT in MadGraph5_aMC@NLO 10

Precision measurements     production⇒ tt̄

Loop sensitivity in top data

• Few-percent-level precision at LHC

EW top couplings: loops of tops & EW gauge bosons

[Martini & Schulze; JHEP 04 (2020) 017]

• Enhanced at high energy by logarithms of  ̂s/m2
V

Promising sensitivity to current operators
• Better than  prospects using  distribution with 300 fb-1tt̄Z Δϕℓℓ

Smelli

Likelihood Likelihood + Fitting framework

To
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EFT bases/operators

Tools for UV/IR matching

EFT tools: RGE, SMEFT/LEFT matching,…

D6Tools

MITP/20-061

IFIC/20-50

DsixTools 2.0 Manual version: July 30, 2022

The Effective Field Theory Toolkit

Javier Fuentes-Martína,
Pedro Ruiz-Femeníab,
Avelino Vicentec,
Javier Virtod

a PRISMA+ Cluster of Excellence & Mainz Institute for Theoretical Physics,
Johannes Gutenberg University, 55099 Mainz, Germany,

b Departament de Matemàtiques per a l’Economia i l’Empresa,
Universitat de València, E-46022 València, Spain

c Instituto de Física Corpuscular and Departament de Física Teòrica,
Universitat de València - CSIC, E-46071 València, Spain

d Departament de Física Quàntica i Astrofísica and ICCUB,
Universitat de Barcelona, 08028 Barcelona, Catalunya

Abstract

DsixTools is a Mathematica package for the handling of the Standard Model Effective
Field Theory (SMEFT) and the Low-energy Effective Field Theory (LEFT) with opera-
tors up to dimension six, both at the algebraic and numerical level. DsixTools contains
a visually accessible and operationally convenient repository of all operators and param-
eters of the SMEFT and the LEFT. This repository also provides information concerning
symmetry categories and number of degrees of freedom, and routines that allow to imple-
ment this information on global expressions (such as decay amplitudes and cross-sections).
DsixTools also performs weak basis transformations, and implements the full one-loop
Renormalization Group Evolution in both EFTs (with SM beta functions up to five loops
in QCD), and the full one-loop SMEFT-LEFT matching at the electroweak scale.

Madgraph5_aMC@NLO

SMEFT@NLO
SMEFTsim 3.0 – a practical guide

Ilaria Brivio

Institut für Theoretische Physik, Universität Heidelberg.
Philosophenweg 16, 69120 Heidelberg (Germany)

E-mail: brivio@thphys.uni-heidelberg.de

Abstract: The SMEFTsim package [1] is designed to enable automated computations in the
Standard Model Effective Field Theory (SMEFT), where the SM Lagrangian is extended with
a complete basis of dimension six operators. It contains a set of models written in FeynRules
and pre-exported to the UFO format, for usage within Monte Carlo event generators. The
models differ in the flavor assumptions and in the input parameters chosen for the electroweak
sector. The present document provides a self-contained, pedagogical reference that collects
all the theoretical and technical aspects relevant to the use of SMEFTsim and it documents the
release of version 3.0. Compared to the previous release, the description of Higgs production
via gluon-fusion in the SM has been significantly improved, two flavor assumptions for studies
in the top quark sector have been added, and a new feature has been implemented, that enables
the treatment of linearized SMEFT corrections to the propagators of unstable particles.

SMEFTsim 3.0 is available on the Github � website https://SMEFTsim.github.io
and on the FeynRules database http://feynrules.irmp.ucl.ac.be/wiki/SMEFT.ar
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dim6top

LO:

NLO:

HEL SMEFTfr
LHC event generation SMEFT UFOs

+
Flavor

EOS
High-pT

ZU-TH-29/22

HighPT

HighPT:
A Tool for high-pT Drell-Yan Tails Beyond the Standard Model

L. Allwicher •, D. A. Faroughy •, F. Jaffredo ••, O. Sumensari ••, F. Wilsch •�

•Physik-Institut, Universität Zürich, CH-8057 Zürich, Switzerland
••IJCLab, Pôle Théorie (Bat. 210), CNRS/IN2P3 et Université, Paris-Saclay, 91405 Orsay, France

July 25, 2022

Abstract

HighPT is a Mathematica package for the analysis of high-energy data of semileptonic
transitions at hadron colliders. It allows to compute high-pT tail observables for semilep-
tonic processes, i.e. Drell-Yan cross sections, for dilepton and monolepton final states at
the LHC. These observables can be calculated at tree level within the Standard Model
E�ective Field Theory, including the relevant operators up to dimension eight to ensure a
consistent description of the cross section including terms of O(�≠4) in the cuto� scale �.
For New Physics models with new mediators that can be resolved at LHC energies, HighPT

can also account for the full propagation e�ects of these new bosonic states at tree level.
Using the available data from the high-pT tails in the relevant LHC run-II searches by the
ATLAS and CMS collaborations, HighPT can also construct the corresponding likelihoods
for all possible flavors of the leptonic final states. As an illustration, we derive and
compare constraints on Wilson coe�cients at di�erent orders in the E�ective Field Theory
expansion, and we investigate lepton flavor violation for the S3 leptoquark model. The
HighPT code is publicly available at �.

�felix.wilsch@physik.uzh.ch
� https://github.com/HighPT/HighPT
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• General High Energy Physics fitting tool to combine indirect and 
direct searches of new physics (available under GPL on GitHub)

• Webpage:

Jorge de Blas 
University of Granada

SMEFT-Tools 2022 
Zürich, September 16, 2022

fit
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HEP

https://github.com/silvest/HEPfit

http://hepfit.roma1.infn.it
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• General High Energy Physics fitting tool to combine indirect and 
direct searches of new physics (available under GPL on GitHub)

• Reference:

Jorge de Blas 
University of Granada
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https://github.com/silvest/HEPfit

JB et al., Eur. Phys. J. C (2020) 80:456, arXiv: 1910.14012 [hep-ph]
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Abstract HEPfit is a flexible open-source tool which,
given the Standard Model or any of its extensions, allows
to (i) fit the model parameters to a given set of experi-
mental observables; (ii) obtain predictions for observables.
HEPfit can be used either in Monte Carlo mode, to per-
form a Bayesian Markov Chain Monte Carlo analysis of a
given model, or as a library, to obtain predictions of observ-
ables for a given point in the parameter space of the model,
allowing HEPfit to be used in any statistical framework.
In the present version, around a thousand observables have
been implemented in the Standard Model and in several new
physics scenarios. In this paper, we describe the general struc-
ture of the code as well as models and observables imple-
mented in the current release.

Contents
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• Brief description of the code

• Models and observables

• The dimension-6 SMEFT in

• Making it work…

‣ Installation

‣ Running example

‣ Adding models and observables

• Summary 
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• General High Energy Physics fitting tool to combine indirect and 
direct searches of new physics (available under GPL on GitHub)
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• General High Energy Physics fitting tool to combine indirect and 
direct searches of new physics (available under GPL on GitHub)

• Flexible open-source code written in C++
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• General High Energy Physics fitting tool to combine indirect and 
direct searches of new physics (available under GPL on GitHub)

• Flexible open-source code written in C++
• Stand-alone mode to compute observables in the SM & BSM
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• General High Energy Physics fitting tool to combine indirect and 
direct searches of new physics (available under GPL on GitHub)

• Flexible open-source code written in C++
• Stand-alone mode to compute observables in the SM & BSM
• Optional Bayesian Stat. Analysis framework (supports MPI parall.)
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• General High Energy Physics fitting tool to combine indirect and 
direct searches of new physics (available under GPL on GitHub)

• Flexible open-source code written in C++
• Stand-alone mode to compute observables in the SM & BSM
• Optional Bayesian Stat. Analysis framework (supports MPI parall.)
• Library mode to compute observables in the SM & BSM
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• General High Energy Physics fitting tool to combine indirect and 
direct searches of new physics (available under GPL on GitHub)

• Flexible open-source code written in C++
• Stand-alone mode to compute observables in the SM & BSM
• Optional Bayesian Stat. Analysis framework (supports MPI parall.)
• Library mode to compute observables in the SM & BSM
• Users can add new models and/or observables as external modules
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• General High Energy Physics fitting tool to combine indirect and 
direct searches of new physics (available under GPL on GitHub)

• Input: Model priors (p(θ)) and observable info to build the likelihood (         )
• Output: Posterior of the fit. Predictions
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• Experimental likelihoods can be currently implemented as:

✓ Individual measurements with “exact” likelihood (Gaussian, …)

✓ 1D or 2D measurements with “numerical” likelihoods (1D or 2D Histograms)

✓ Binned measurements with “exact” likelihood, including correlations

✓ Multi-dimensional measurements with “exact” likelihood, including 
correlations

• Work in Progress: Implementing “full” experimental likelihoods from 
Machine Learning proxies ⇒ DNNLikelihoods

✓ Experiments could provide full likelihood information via a DNN trained on 
the real likelihood ⇒ This DNN could be used in HEPfit

✓ Efficient distribution (lightweight, standard and framework-independent 
format) across software platforms through 

• Any other numeric likelihood scheme can be implemented
36Jorge de Blas 

University of Granada
LHC EFT WG - Area 3 & 4 meeting: experimental measurements, fits and related systematics 

Feb 22, 2021

• Use Machine learning proxies of the likelihood: 

✓ DNNLikelihood framework: Encode experimental likelihood with 
all the dependence on elementary nuisance parameters into a 
deep neural-network function

✓ Minimal loss of accuracy

✓ Efficient distribution (lightweight, standard and  framework-
independent format) across software platforms through

Full Likelihoods
L (✓) = p (D|M ; ✓) (11)

V = Vstat + Vsys + Vth (12)

L (✓; ⌫) �! LDNN (✓; ⌫) (13)

2

A. Coccaro et al., Eur.Phys.J.C 80 (2020) 7, 664

Train your NN on the true likelihood

https://onnx.ai

https://gitlab.cern.ch/atlas/athena/-/merge_requests/28103

ONNX
36Jorge de Blas 

University of Granada
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Feb 22, 2021

• Use Machine learning proxies of the likelihood: 

✓ DNNLikelihood framework: Encode experimental likelihood with 
all the dependence on elementary nuisance parameters into a 
deep neural-network function

✓ Minimal loss of accuracy

✓ Efficient distribution (lightweight, standard and  framework-
independent format) across software platforms through

Full Likelihoods
L (✓) = p (D|M ; ✓) (11)

V = Vstat + Vsys + Vth (12)

L (✓; ⌫) �! LDNN (✓; ⌫) (13)
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• Treatment of systematic uncertainties:
✓ Experimental systematic uncertainties implemented as any other uncertainty, 

including the possibility of correlations

✓ The same applies to “intrinsic” theory uncertainties, e.g. unknown higher-
order corrections in the predictions of observables

✓ Modeling via “nuisance” parameters: 

‣ Different types of distributions: Flat, Gaussian,…

‣ Correlations

• Other internal theory uncertainties can also be taken into account

✓ In-run, by varying e.g. αS, matching scale, etc.

✓ Post-run, e.g. comparing EFT results with and without including O(Λ-4) terms

SMEFT-Tools 2022 
Zürich, September 16, 2022
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• The output of the default MCMC run is a numerical approximation to the joint 
P.D.F.  for the model parameters and observables.

• Information provided:

✓ Averages, errors and correlations for inferred parameters

✓ Averages, errors (and correlations) for all (correlated) observables in the fit

✓ 1D and 2D histograms of marginal distributions, correlations plots, …

✓ Optional: full MCMC chains → Useful for combination with more data

• Work in Progress: providing also a DNNLikelihood as output of the HEPfit run
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• No limitation in the number of parameters and/or observables that 
can be defined in the fits

• Largest fit we have performed contains more than 90 parameters and 
200 observables. Other fits have been done with several hundreds 
observables but smaller number of parameters.

• Performance examples:

Jorge de Blas 
University of Granada

fit
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HEP
Performance and Limitations

←(DD: HH:MM)
Physics Problem Hardware Run Configuration Time

Unitarity Triangle Fit
3 nodes, 120 CPUs 120 chains, 1.4M iterations 00:02:10

1 nodes, 40 CPUs 40 chains, 600K iterations 00:00:21

b ! s decays in SMEFT†

[24]

6 nodes, 240 CPUs 240 chains, 12.5K iterations 02:05:00

6 nodes, 240 CPUs 240 chains, 39K iterations 05:20:00

combination of Higgs signal

strengths and EWPO[28]

1 node, 16 CPUs 16 chains, 5M iterations 00:14:15

1 node, 16 CPUs 16 chains, 24M iterations 02:08:00

D ! PP decays and CP

asymmetry[23]

3 nodes, 240 CPUs 240 chains, 4M iterations 00:18:30

1 node, 8 CPUs 8 chains, 200K iterations 00:00:10

Table 1: Some representative runs with HEPfit to show the advantages of the MPI implementa-

tion. Times are given in DD:HH:MM. The number of iterations refer to the sum total of pre-run

and main-run iterations. The number of chains are equal to the number of CPUs by choice. †The

b ! s analysis is done with factorized priors, hence the number of iterations should be multiplied

by the number of parameters (⇠50) to get a comparative estimate with the other cases. All runs

performed in the BIRD or Maxwell clusters at DESY, Hamburg.

this begins to be a matter of concern only when the number of chains is in the range of several

hundreds, a situation that a normal user is unlikely to encounter.

To demonstrate the advantages that one can get from the parallelization built into HEPfit and

to give an estimate of the scaling of the run-times with the number of cores, we give some examples

of analyses that can be done both on personal computers and on large clusters in Table 1. These

should not be taken as benchmarks since we do not go into the details of the hardware, compiler

optimization, etc. Rather, these should be taken as an indication of how MPI parallelization

greatly enhances the performance of the HEPfit code.

2.3 Custom models and observables

Another unique feature that HEPfit o↵ers is the possibility of creating custom models and custom

observables. All the features of HEPfit are made available along with all the observables and

parameters predefined in HEPfit. An example of such a use of HEPfit can be found in Ref. [23].

Detailed instructions for implementation are given in Section 7.4.

The user can define a custom model using a template provided with the package, by adding

a set of parameters to any model defined in HEPfit. Generally, in addition to defining the new

parameters, the user should also specify model-specific additional contributions to any observables

predefined in HEPfit that he wants to use. Furthermore, new observables can be defined in terms

of these new parameters.

New observables can also be defined in the context of the predefined HEPfit models. In this

case, the user just needs to specify the observable in terms of the model parameters, without the

need to create a custom model. The parameters already used in HEPfit can also be accessed. For

example, one does not need to redefine the Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix,

VCKM, if one needs to use it in the computation of a custom observable. One can simply call the

SM object available to all observables and then use the implementation of VCKM already provided

either in terms of the Wolfenstein parameters or in terms of the elements of the matrix. It should

be noted that one does not need to define a custom model to define custom observables. A custom

– 6 –

Tested at the BIRD or Maxwell clusters at DESY, Hamburg

SMEFT-Tools 2022 
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Some models/observables already available in the code

Oblique pars: S,T,U
εi parameters

Modified Zbb couplings
κ-framework
SMEFT: dim 6

HEFT

SUSY-MSSM
LR models

General 2HDM
Georgi-Machacek

Standard Model

Models Observables*

*Not all observables available 
for all models

(WIP)

SMEFT-Tools 2022 
Zürich, September 16, 2022

EWPO
LEP 2 obs: e+e-→ff, W+W-

LHC Higgs observables
LHC diboson

LHC Top
Flavor: ΔF=2, UT, B decays

LFV

Theory constr.: Unitarity, 
Perturbativity, … 



The Global SM EW fit
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• State-of-the-art SM calculation of EWPO (2-loop + leading HO)

Jorge de Blas 
University of Granada

Measurement Posterior Prediction Pull

↵s(MZ) 0.1177±0.0010 0.1179±0.0009 0.1197±0.0028 -0.7

�↵
(5)
had(MZ) 0.027611±0.000111 0.027572±0.000106 0.027168±0.000355 1.2

MZ [GeV] 91.1875±0.0021 91.1880±0.0020 91.2038±0.0087 -1.8

mt [GeV] 172.59±0.45 172.76±0.44 175.97±1.98 -1.7

mH [GeV] 125.30±0.13 125.30±0.13 112.68±12.89 0.98

MW [GeV] 80.379±0.012 80.360±0.005 80.355±0.006 1.8

�W [GeV] 2.085±0.042 2.0883±0.0006 2.0883±0.0006 -0.08

BRW!had 0.6741±0.0027 0.67486±0.00007 0.67486±0.00007 -0.28

BRW!`⌫ 0.1086±0.0009 0.10838±0.00002 0.10838±0.00002 0.24

P
pol
⌧

= A` 0.1465±0.0033 0.1473±0.0004 0.1473±0.0005 -0.23

sin
2
✓
lept
e↵ (Q

had
FB ) 0.2324±0.0012 0.23149±0.00006 0.23149±0.00006 0.91

�Z [GeV] 2.4955±0.0023 2.4945±0.0006 2.4943±0.0007 0.50

�
0
h
[nb] 41.4802±0.0325 41.4910±0.0076 41.4930±0.0080 -0.38

R
0
`

20.7666±0.0247 20.750±0.0080 20.7460±0.0087 0.79

A
0,`
FB 0.0171±0.0010 0.01627±0.00010 0.01626±0.00010 0.84

A` (SLD) 0.1513±0.0021 0.14727±0.00045 0.14731±0.00047 1.9

R
0
b

0.21629±0.00066 0.21588±0.00010 0.21587±0.00010 0.63

R
0
c

0.1721±0.0030 0.17221±0.00005 0.17221±0.00005 -0.04

A
0,b
FB 0.0992±0.0016 0.1032±0.0003 0.10327±0.00033105 -2.5

A
0,c
FB 0.0707±0.0035 0.0738±0.0002 0.0738±0.0002 -0.88

Ab 0.923±0.020 0.93475±0.00004 0.93475±0.00004 -0.59

Ac 0.670±0.027 0.6679±0.0002 0.6679±0.0002 0.08

sin
2
✓
lept
e↵ (Tev/LHC) 0.23137±0.00022 0.23149±0.00006 0.23150±0.00006 -0.57

Table 1: SM fit (UPDATED April 16 2020)
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• State-of-the-art SM calculation of EWPO (2-loop + leading HO)

Jorge de Blas 
University of Granada

Measurement Posterior Prediction Pull

↵s(MZ) 0.1177±0.0010 0.1179±0.0009 0.1197±0.0028 -0.7

�↵
(5)
had(MZ) 0.027611±0.000111 0.027572±0.000106 0.027168±0.000355 1.2

MZ [GeV] 91.1875±0.0021 91.1880±0.0020 91.2038±0.0087 -1.8

mt [GeV] 172.59±0.45 172.76±0.44 175.97±1.98 -1.7

mH [GeV] 125.30±0.13 125.30±0.13 112.68±12.89 0.98

MW [GeV] 80.379±0.012 80.360±0.005 80.355±0.006 1.8

�W [GeV] 2.085±0.042 2.0883±0.0006 2.0883±0.0006 -0.08

BRW!had 0.6741±0.0027 0.67486±0.00007 0.67486±0.00007 -0.28

BRW!`⌫ 0.1086±0.0009 0.10838±0.00002 0.10838±0.00002 0.24

P
pol
⌧

= A` 0.1465±0.0033 0.1473±0.0004 0.1473±0.0005 -0.23

sin
2
✓
lept
e↵ (Q

had
FB ) 0.2324±0.0012 0.23149±0.00006 0.23149±0.00006 0.91

�Z [GeV] 2.4955±0.0023 2.4945±0.0006 2.4943±0.0007 0.50

�
0
h
[nb] 41.4802±0.0325 41.4910±0.0076 41.4930±0.0080 -0.38

R
0
`

20.7666±0.0247 20.750±0.0080 20.7460±0.0087 0.79

A
0,`
FB 0.0171±0.0010 0.01627±0.00010 0.01626±0.00010 0.84

A` (SLD) 0.1513±0.0021 0.14727±0.00045 0.14731±0.00047 1.9

R
0
b

0.21629±0.00066 0.21588±0.00010 0.21587±0.00010 0.63

R
0
c

0.1721±0.0030 0.17221±0.00005 0.17221±0.00005 -0.04

A
0,b
FB 0.0992±0.0016 0.1032±0.0003 0.10327±0.00033105 -2.5

A
0,c
FB 0.0707±0.0035 0.0738±0.0002 0.0738±0.0002 -0.88

Ab 0.923±0.020 0.93475±0.00004 0.93475±0.00004 -0.59

Ac 0.670±0.027 0.6679±0.0002 0.6679±0.0002 0.08

sin
2
✓
lept
e↵ (Tev/LHC) 0.23137±0.00022 0.23149±0.00006 0.23150±0.00006 -0.57

Table 1: SM fit (UPDATED April 16 2020)
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• State-of-the-art SM calculation of Flavor observables:

Flavor observables: Rare decays, non-leptonic decays, … Most of them 
at the highest available precision

Example:

Jorge de Blas 
University of Granada

SMEFT-Tools 2022 
Zürich, September 16, 2022

B ! K⇤`` M. Ciuchini et al. , arXiv: 1512.07157 [hep-ph]

Figure 1. Results of the full fit and experimental results for the B ! K
⇤
µ
+
µ
� angular observables.

Here and in the following, we use darker (lighter) colours for the 68% (95%) probability regions.

– 8 –
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Current status of 2HDMs Otto EberhardtIntroduction Model Results Summary

H mass fits with all constraints

Otto Eberhardt Current status of 2HDM’s 6 / 9

Introduction Model Results Summary

A, H+ mass fits with all constraints

Otto Eberhardt Current status of 2HDM’s 7 / 9

Figure 2: Impact of the various sets of constraints on the b�a vs. mH (upper row), the tanb vs. mA/H+

(lower rows) planes in the 2HDM of type I (left) and type II (right). The individually applied sets of con-
straints are the h signal strengths (grey contours), the theoretical bounds (in green), the searches for heavy
Higgs particles (in blue) and the flavour observables (in yellow). Their combination is given by the red
contours. All shaded regions are allowed with a probability of 95%.

3

• Fits inType I and Type II 2HDM 
with:

✓ EWPO

✓ Higgs signal strengths

✓ Flavor (b→sγ, Bs mixing)

✓ LHC searches direct 
searches of neutral and 
singly charged scalars

✓ Theory constraints: V 
bounded by below, 
Perturbativity

O. Eberhardt, PoS ICHEP2018 (2019) 457

• BSM: 2HDM with softly broken Z2 symmetry 
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• BSM: Direct+Indirect constraints on color-octet scalars: S~(8,2)1/2 

• Fits in a CP conserving and MFV scenario (14 parameters) including:

✓ EWPO

✓ Higgs signal strengths

✓ Flavor (impact on the CKM fit)

✓ ATLAS and CMS direct searches of heavy particles decaying into 
gluons and quarks

✓ Theory constraints: Unitarity, Perturbativity

Jorge de Blas 
University of Granada

SMEFT-Tools 2022 
Zürich, September 16, 2022

the model, which come from theoretical considerations (Section 3.1), Higgs measurements

(Section 3.2), direct LHC searches (Section 3.3) and flavour observables (Section 3.4).

Putting all pieces together, we show the results of our fits in Section 4. Finally, Section 5

contains a summary of our findings and a brief outlook on future prospects.

2 The scalar colour-octet model

The MW model extends the SM with one electroweak doublet of colour-octet scalar fields

with hypercharge Y = 1
2 . Since it has colour charge, the new scalar multiplet does not mix

with the SM Higgs doublet. Furthermore, the coloured particles cannot acquire a vacuum

expectation value (vev) because colour must be conserved. Therefore, only the SM Higgs

boson will acquire a vev which will minimise the most general potential that can be built

with this scalar sector:

VMW = m2
��

†�+ 1
2�

⇣
�†�

⌘2
+ 2m2

STr
⇣
S†iSi

⌘
+ µ1Tr

⇣
S†iSi S

†jSj

⌘
+ µ2Tr

⇣
S†iSjS

†jSi

⌘

+ µ3Tr
⇣
S†iSi

⌘
Tr

⇣
S†jSj

⌘
+ µ4Tr

⇣
S†iSj

⌘
Tr

⇣
S†jSi

⌘
+ µ5Tr

⇣
Si Sj

⌘
Tr

⇣
S†iS†j

⌘

+ µ6Tr
⇣
Si SjS

†jS†i
⌘
+ ⌫1�

†i�iTr
⇣
S†jSj

⌘
+ ⌫2�

†i�jTr
⇣
S†jSi

⌘

+
h
⌫3�

†i�†jTr
⇣
Si Sj

⌘
+ ⌫4�

†iTr
⇣
S†jSjSi

⌘
+ ⌫5�

†iTr
⇣
S†jSi Sj

⌘
+ h.c.

i
, (2.1)

where � = (�+,�0)T is the usual SM doublet, the traces are taken in colour space, and i

and j denote SU(2)L indices. The additional (8, 2)1/2 scalar fields SA = (SA,+, SA,0)T are

contained in the multiplet S = SATA with TA the generators of the SU(3)C group. All

potential parameters are real except ⌫3, ⌫4 and ⌫5, but performing a phase rotation we can

always take ⌫3 to be also real.

From Eq. (2.1) we can derive the masses of the physical neutral octet scalar (mR), the

neutral octet pseudoscalar (mI) and the charged octet (mS±), which are split by the Higgs

vev, h�0i = v/
p
2:

m2
S± = m2

S + ⌫1
v2

4
, m2

R,I = m2
S + (⌫1 + ⌫2 ± 2 ⌫3)

v2

4
. (2.2)

The kinetic term (the factor two gives the correct canonical normalisation for the fields)

LK = 2Tr[(DµS)
†DµS] (2.3)

generates the interaction of the octet scalars with the gauge bosons through the covariant

derivative

DµS = @µS + igs [Gµ, S] + ig
�i

2
W i

µS +
i

2
g0BµS , (2.4)

with Gµ = GA
µT

A the octet gluon field. Thus, these interactions are determined by the

gauge symmetry and do not introduce additional free parameters.

The coloured scalars can also couple to the quarks through the Yukawa interaction. In

order to guarantee the suppression of unwanted flavour-changing neutral currents, which

are extremely suppressed experimentally, we will assume the principle of Minimal Flavour

– 2 –

Violation (MFV) [31, 32], which is based on the hypothesis that all Yukawa matrices are

proportional to the same flavour structures that break the SU(3)QL ⌦SU(3)uR ⌦SU(3)dR
symmetry in the SM. This is in fact one of the main motivations of the MW model because

the only scalar representations that can couple to quarks and be compatible with this

principle are the colour octet or singlet electroweak doublets [8]. With this assumption,

the Yukawa couplings of the coloured scalars take the form

LY � �
3X

i,j=1

h
⌘DY

d
ij Q̄LiSdRj + ⌘UY

u
ij Q̄LiS̃uRj + h.c.

i
. (2.5)

Here, i and j are family indices, Y q =
p
2Mq/v (q = u, d) denote the up and down SM

Yukawa matrices and the tilde in the S field indicates charge conjugation. The proportion-

ality constants ⌘U and ⌘D are, in general, complex parameters.

Looking at Eqs. (2.1) and (2.5), we observe that the MW model contains 18 more

parameters than the SM, 14 of which are real while the other 4 are imaginary phases. In

order to simplify the phenomenological analysis and to reduce the total number of free

parameters we will only work in the CP-conserving limit. This assumption removes the

imaginary parts of ⌫4, ⌫5, ⌘U and ⌘D and we end up with only 14 new free parameters.

3 Fit constraints

Our statistical data analysis will be based on a global Bayesian fit. We make use of the

public HEPfit package [30], which is interfaced with the Bayesian Analysis Toolkit [33].

This code has been already applied to several BSM analyses, including the Two-Higgs-

Doublet model [3, 34–36] and the Georgi-Machacek model [37]. We have adapted the

code, including the additional routines needed to study the MW model. These routines

are also public and can be extended in future works to incorporate additional observables.

In our fit we have only included observables that have been directly calculated with this

model. Constraints obtained from existing bounds on higher-dimension operators1 are

omitted, since we prefer to directly include in the fit the observables used to derive those

constraints. Indeed, HEPfit has also been proven to be extremely reliable to constrain

higher-dimension operators [39–41]. One of the key features of HEPfit is its independence

of other codes at runtime, which provides a very fast framework for statistical analyses.

Since we will try to use in our fit all the available information, we did not have any

previous constraints on the MW parameters. Therefore we decided to use a uniform dis-

tribution as a prior for the 14 free parameters of the MW model. The ranges adopted are

shown in Table 1. The range taken for ⌘U follows from the assumption of a perturbative top

Yukawa coupling, while larger values of ⌘D are possible since mb ⌧ mt. The dependence of

our results on the priors used turns out to be small, as long as these priors are reasonable.

For instance, increasing the range of m2
S up to 22 TeV2 leads to the same limits, but we do

1
See for instance Ref. [38] (and references therein) where some particular colour-octet models are

analysed. Owing to the MFV assumption which strongly suppresses the scalar couplings to light quarks,

the pp ! tt̄ analysis of Ref. [38] is not relevant for the MW model.

– 3 –

Scalar  
Potential

Yukawa  
interactions

O. Eberhardt, V. Miralles, A. Pich, JHEP 10 (2021) 123
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• BSM: Direct+Indirect constraints on color-octet scalars: S~(8,2)1/2 
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Figure 8. Two-dimensional correlations among the quartic couplings of the scalar potential. The
allowed (99.7% probability) regions from the global fit are compared with the results obtained with
only theoretical constraints, imposing perturbative unitarity and RG stability up to 3 and 5 TeV.

require that

|⌘U | < 1.8 (5.1)

for scalar masses smaller than 1.5 TeV, within a probability of 95%.

A quite strong bound on the absolute mass scale mS emerges from the LHC data on

direct searches for new scalars. The more sensitive channels, which involve the production

of top quarks in the final state, imply that the masses of all coloured scalars must satisfy

the bound

mS± ,mSR ,mSI > 1.05 TeV (5.2)

for any value of the other parameters, with a 95% probability. The global fit also restricts

the scalar mass splittings to be smaller than 20 GeV, with a 95% probability, even when

RG stability is only imposed up to 3 TeV.

As shown in Ref. [28], even for tiny values of |⌘U | > 10�7, one still finds a strong lower

bound on the scalar masses, provided |⌘D| > 10�5. These bounds can only be avoided for

– 16 –

Quartic couplings of the scalar potential

Figure 4. Experimental constraints on the mS-⌘U plane. Left panel: allowed regions at 95%
probability obtained from Rb (blue), Br(Bs ! µ+µ�) (yellow) and �MBs (magenta). Right panel:
combined flavour constraints, compared with the limits from direct searches including top quarks,
at 95% probability.

without top quarks become irrelevant for large values of ⌘U or small values of ⌘D.

Similar features are found in the mS-⌘D plane, where the bound mS > 1.1 TeV is

also obtained with a 95% probability from direct searches in channels with top-quark

production. This could be, in principle, a bit surprising because one could naively expect

that for very small values of ⌘U those searches should not generate any constraint. This is

true for the channels in which a neutral scalar decays to a tt̄ pair, but not for a charged

scalar decaying to tb̄, a process which also depends on ⌘D. Indeed, in the right panel

of Fig. 4, one observes that the lower bound on mS decreases when ⌘U approaches zero.

This is because all channels with neutral scalars become irrelevant in that limit, but the

information from charged-scalar channels is still good enough to generate a quite strong

constraint. Therefore, as long as ⌘U and ⌘D are not both extremely close to zero, we

obtain good constraints on mS . Since the MW model is motivated by MFV, the particular

region where the two quark Yukawa couplings are both zero does not seem to have much

theoretical interest.

4.3 All constraints

Once we have analysed the constraints emerging from individual observables, we can com-

bine all of them into a global fit. The first interesting result is that we are able to find

– 12 –

Yukawa interactions

O. Eberhardt, V. Miralles, A. Pich, JHEP 10 (2021) 123
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• The dimension-6 SMEFT

• Implementation in HEPfit via model class NPSMEFTd6     
(separate results for LHC Top physics in NPSMEFT6dtopquark)

Jorge de Blas 
University of Granada

UV IR
Λ vEE≪Λ

We don’t need to know this to describe the physics here

Low Energy observables:

Parity Violation: QW (
133
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EFT analyses with FCC precision

J. de Blasa†

aINFN, Sezione di Roma, Piazzale A. Moro 2, I-00185 Rome, Italy

Abstract

Materials for the talk presented at the FCC physics meeting on Feb. 19 2018.
EFT: E↵ects suppressed by �

q

⇤

�d�4

q = v, E < ⇤

1 Expected precision for EWPO at FCC-ee

Observable Expected uncertainty (Relative uncertainty)

MZ [GeV] 10
�4

(10
�6

)

�Z [GeV] 10
�4

(4 ⇥ 10
�5

)

�
0
had [nb] 5⇥10

�3
(10

�4
)

Re 0.006 (3 ⇥ 10
�4

)

Rµ 0.001 (5 ⇥ 10
�4

)

R⌧ 0.002 (10
�4

)

Rb 0.00006 (3 ⇥ 10
�4

)

Rc 0.00026 (15 ⇥ 10
�4

)

Table 1: Expected sensitivities to Z-lineshape parameters and normalized partial decay widths.
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• The dimension-6 SMEFT

• Implementation of model for the Warsaw basis with flavor universality 
almost completed
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University of Granada
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We don’t need to know this to describe the physics here
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Abstract

Materials for the talk presented at the FCC physics meeting on Feb. 19 2018.
EFT: E↵ects suppressed by �

q

⇤

�d�4

q = v, E < ⇤

1 Expected precision for EWPO at FCC-ee

Observable Expected uncertainty (Relative uncertainty)

MZ [GeV] 10
�4

(10
�6

)

�Z [GeV] 10
�4

(4 ⇥ 10
�5

)

�
0
had [nb] 5⇥10

�3
(10

�4
)

Re 0.006 (3 ⇥ 10
�4

)

Rµ 0.001 (5 ⇥ 10
�4

)

R⌧ 0.002 (10
�4

)

Rb 0.00006 (3 ⇥ 10
�4

)

Rc 0.00026 (15 ⇥ 10
�4

)

Table 1: Expected sensitivities to Z-lineshape parameters and normalized partial decay widths.
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Table 2: Operators in the (CP , B and L preserving) dimension-six basis, excluding
four-fermion interactions (see Table 1. used by NPhytter . Flavour indices are om-
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3 The global fit to new physics at dimension six

3.1 Assumptions about the flavour structure

A large group of the interactions that appear at dimension six allow for the possibility of
flavour-changing neutral currents. Flavour data is not included in this work. Therefore,
in order to provide meaningful results (in the sense of constraints that survive flavour
constraints in physically possible scenarios) we must make some physically reasonably
assumptions regarding the flavour structure of the new interactions. We will assume
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Table 1: Four-fermion interactions in the (CP , B and L preserving) dimension-six
basis. All these interactions are constrained in the current analysis. Flavour indices
are ommited. [Removed 1/2 from 4F operators to match Warsaw basis]

operators contribute to several di↵erent observables, the resulting constraints may be
dominated by a certain subset of observables. This allows to classify the observables
that better constrain a given set of interactions. This is turn helps to define more
precise classes of operators, as follows:

• Z-pole operators. Being measured with a precision at the per mile level, Z-pole
measurements are one of the more precise test of the validity of the SM descrip-
tion of neutral currents. The limits on any interactions contributing, directly
or indirectly, to the neutral current are usually dominated by this data set, and
we will refer to them as Z-pole operators. This includes ... (Note that the best

constraint on O
(3)
�q

comes from the unitarity relation of the CKM matrix, though.)

• O

• Colored interactions. Colored interactions are refered to those that only involve
colored particles. This includes all the four-quark operators as well as the gluon
operator OG.[Can this last operator contribute to anything else?] Within
the current analysis these contribute exclusively to pp ! jj observables.

3

SMEFT-Tools 2022 
Zürich, September 16, 2022

fit
1

HEP



32

• The dimension-6 SMEFT

• Implementation of model for the Warsaw basis with flavor universality 
almost completed
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1 Expected precision for EWPO at FCC-ee
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Rb 0.00006 (3 ⇥ 10
�4

)

Rc 0.00026 (15 ⇥ 10
�4

)

Table 1: Expected sensitivities to Z-lineshape parameters and normalized partial decay widths.
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• The dimension-6 SMEFT

• Implementation of model for the Warsaw basis with flavor universality 
almost completed (+ other redundant, in case you prefer other operator basis)

Jorge de Blas 
University of Granada
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We don’t need to know this to describe the physics here

Low Energy observables:

Parity Violation: QW (
133
55 Cs, 205

81 Tl), QW (e)(Møller)

⌫ scatt. : gV,A(⌫µe), g2
L,R

(⌫µN)

CKM unitarity :
P

i
|Vui|2

LEP 2 data:

�(e+e� ! `+`�, had), A`
+
`
�

FB
, d�

e+e�!e+e�

d cos ✓

Higgs signal strengths:

H ! ��, ZZ, W+W�, bb̄, ⌧+⌧�

LHC Drell-Yan
�(pp ! `+`�)

3 E↵ective Lagrangian description of New Physics:

Equations

LE↵ =
P1

d=4
1

⇤d�4Ld = LSM +
1
⇤
L5 +

1
⇤2L6 + · · · (2)

Ld =
P

i
↵d

i
Od

i
(3)

⇥
Od

i

⇤
= d (4)

E ⌧ ⇤ (5)

4 New Particles

3

1 Equations

Ci/⇤2 (1)

Ld =
P

i
C

d

i
Oi (2)

[Oi] = d (3)

µ =
P

i
wiri (4)

i = ggF, V BF, ZH, WH, tth (5)

ri =
[�⇥BR]

i

[�SM⇥BRSM]
i

(6)

wi =
✏i[�⇥BR]

iP
j
✏j [�SM⇥BRSM]

j

(7)

LHiggs = LhV V + Lhff + LhV ff + LhTff (8)

LhV V = h

⇣
g
(1)

hZZ
Zµ⌫Z

µ⌫ + g
(2)

hZZ
Z⌫@µZ

µ⌫ + g
(3)

hZZ
ZµZ

µ
�

+ghAAAµ⌫A
µ⌫ + g

(1)

hZA
Zµ⌫A

µ⌫ + g
(2)

hZA
Z⌫@µA

µ⌫
�

+g
(1)

hWW
W

+

µ⌫
W

� µ⌫ +
⇣
g
(2)

hWW
W

+

⌫
DµW

� µ⌫ + (g(2)

hWW
)⇤W�

⌫
DµW

+ µ⌫

⌘
+ g

(3)

hWW
W

+

µ
W

� µ+

+ghGGTr [Gµ⌫G
µ⌫])

(9)

Lhff = h
P

f
ghfffLfR + h.c.. (10)

LhV ff= hZµ

⇣P
f
g
(L)

hZff
fL�

µ
fL +

P
f
g
(R)

hZff
fR�

µ
fR+

⌘
+

h

h
g
(L)

hWud

⇣
W

+

µ
uL�

µ
dL + h.c.

⌘
+ g

(R)

hWud

⇣
W

+

µ
uR�

µ
dR + h.c.

⌘
+ g

(L)

hWe⌫

⇣
W

+

µ
eL�

µ
⌫L + h.c.

⌘i

(11)

�i = �
SM

i
+

P
X
a
i

hX
ghX + O(g2

hX
) (12)

�i = �SM

i
+

P
X
a
i

hX
ghX + O(g2

hX
) (13)

Z = 1 + �h + 1

2
CHD

v
2

⇤2 �
1

2
�GF

(14)

2

1 Equations

Ci/⇤2 (1)

Ld =
P

i
C

d

i
Oi (2)

[Oi] = d (3)

µ =
P

i
wiri (4)

i = ggF, V BF, ZH, WH, tth (5)

ri =
[�⇥BR]

i

[�SM⇥BRSM]
i

(6)

wi =
✏i[�⇥BR]

iP
j
✏j [�SM⇥BRSM]

j

(7)

LHiggs = LhV V + Lhff + LhV ff + LhTff (8)

LhV V = h

⇣
g
(1)

hZZ
Zµ⌫Z

µ⌫ + g
(2)

hZZ
Z⌫@µZ

µ⌫ + g
(3)

hZZ
ZµZ

µ
�

+ghAAAµ⌫A
µ⌫ + g

(1)

hZA
Zµ⌫A

µ⌫ + g
(2)

hZA
Z⌫@µA

µ⌫
�

+g
(1)

hWW
W

+

µ⌫
W

� µ⌫ +
⇣
g
(2)

hWW
W

+

⌫
DµW

� µ⌫ + (g(2)

hWW
)⇤W�

⌫
DµW

+ µ⌫

⌘
+ g

(3)

hWW
W

+

µ
W

� µ+

+ghGGTr [Gµ⌫G
µ⌫])

(9)

Lhff = h
P

f
ghfffLfR + h.c.. (10)

LhV ff= hZµ

⇣P
f
g
(L)

hZff
fL�

µ
fL +

P
f
g
(R)

hZff
fR�

µ
fR+

⌘
+

h

h
g
(L)

hWud

⇣
W

+

µ
uL�

µ
dL + h.c.

⌘
+ g

(R)

hWud

⇣
W

+

µ
uR�

µ
dR + h.c.

⌘
+ g

(L)

hWe⌫

⇣
W

+

µ
eL�

µ
⌫L + h.c.

⌘i

(11)

�i = �
SM

i
+

P
X
a
i

hX
ghX + O(g2

hX
) (12)

�i = �SM

i
+

P
X
a
i

hX
ghX + O(g2

hX
) (13)

Z = 1 + �h + 1

2
CHD

v
2

⇤2 �
1

2
�GF

(14)

2

February 16, 2018

EFT analyses with FCC precision

J. de Blasa†

aINFN, Sezione di Roma, Piazzale A. Moro 2, I-00185 Rome, Italy

Abstract

Materials for the talk presented at the FCC physics meeting on Feb. 19 2018.
EFT: E↵ects suppressed by �

q

⇤
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q = v, E < ⇤

1 Expected precision for EWPO at FCC-ee

Observable Expected uncertainty (Relative uncertainty)
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R⌧ 0.002 (10
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)

Rb 0.00006 (3 ⇥ 10
�4

)

Rc 0.00026 (15 ⇥ 10
�4

)

Table 1: Expected sensitivities to Z-lineshape parameters and normalized partial decay widths.
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Observables implemented in the dim-6 SMEFT
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• Electroweak precision observables (LEP/SLD and LHC):

✓ Computed to the highest accuracy in the SM. Compared against 
ZFITTER and updated with latest developments.

✓ Computed analytically at LO in the dimension-6 SMEFT

✓ NLO: 

• Diboson production at LEP2 e+e-→W-W+:

✓ Implemented following 

Jorge de Blas 
University of Granada

SMEFT-Tools 2022 
Zürich, September 16, 2022
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aINFN, Sezione di Roma, Piazzale A. Moro 2, I-00185 Rome, Italy

Abstract

Materials for the talk at Higgs Hunting 2016. See also the materials for the talks presented

at ICHEP 2016.
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• LHC observables

• Included from available studies in the literature

• Diboson production at the LHC:

Jorge de Blas 
University of Granada

SMEFT-Tools 2022 
Zürich, September 16, 2022

J. Baglio, S. Dawson, I. Lewis, PRD 99 (2019) 3, 035029 J. Baglio, S. Dawson, S. Homiller, PRD 100 (2019) 11, 113010
J. Baglio et al. , PRD 101 (2020) 11, 115004

pp→WW, WZ (and WH, ZH)

Channel Distribution # bins Data set Int. Lum.

W
±
H ! bb̄`

± + /ET p
W

T
, Fig. 3 2 ATLAS 8 TeV 79.8 fb�1 [78]

ZH ! bb̄`
+
`
� or bb̄+ /ET p

Z

T
, Fig. 3 3 ATLAS 8 TeV 79.8 fb�1 [78]

W
+
W

�
! `

+
`
0� + /ET (0j) p

leading,lepton

T
, Fig. 11 1 ATLAS 8 TeV 20.3 fb�1 [79]

W
+
W

�
! e

±
µ
⌥ + /ET (0j) p

leading,lepton

T
, Fig. 7 5 ATLAS 13 TeV 36.1 fb�1 [80]

W
±
Z ! `

+
`
�
`
(0)±

m
WZ

T
, Fig. 5 2 ATLAS 8 TeV 20.3 fb�1 [81]

W
±
Z ! `

+
`
�
`
(0)± + /ET Z candidate p

``

T
, Fig. 5 9 CMS 8 TeV 19.6 fb�1 [82]

W
±
Z ! `

+
`
�
`
(0)±

m
WZ

T
Fig. 4c 6 ATLAS 13 TeV 36.1 fb�1 [73]

W
±
Z ! `

+
`
�
`
(0)± + /ET m

WZ , Fig. 15a 3 CMS 13 TeV, 35.9 fb�1 [83]

TABLE IV: Experimental data included in our study. The third column shows the number of

bins used in our analysis, always counting from the highest.

di↵erential cross section over our prediction for the di↵erential cross section with an SM

input ( ~C = 0) for the ith bin of dataset ↵.

The datasets that go into each process are detailed in Table IV. The uncertainties

are estimated by combining reported statistical and systemic uncertainties in quadrature,

assuming an overall 5% systematic uncertainty bin-by-bin, neglecting correlations.

We explore two methods for calculating confidence intervals of the Warsaw coe�cients:

projecting all but one coe�cient to zero and alternatively profiling over the remaining

coe�cients to minimize the �2 function at each point. The numerical results obtained by

fitting all3 processes using both profiling and projecting are given in Table V. They are

compared graphically in Figures 5 and 6. Overall we see that the projected limits are

significantly more stringent than the profiled. This is to be expected since the profiling

allows for more flexibility in the �2 function. The profiling method demonstrates the

multidimensional nature of the fit.

We also show several 2D confidence interval fits using the projection method in Fig-

ure 7. In principle one could make a 2D confidence interval for each combination of

Warsaw coe�cients. However, most of these plots end up with similar results, show-

ing order 20% NLO e↵ects and with many of the regions falling in the strongly-coupled

3 The fits to individual processes can by compared in Tables VI, VII, and VIII located in the Appendix.

16

also consider the upper limit on a weakly-coupled theory to be ↵EFT . 4⇡ as some sort

of perturbative unitarity bound. Similar criterion have been explored elsewhere in the

literature [7, 54].

In Fig. 7, we show di↵erent regions detailing the strength of the coupling by comparing

FIG. 7: 95 % confidence region in the CHWB � CHD (top left) , CHWB � CW (top right),

CHWB�C
(3)

Hq
(bottom left), and C

(3)

Hq
�CW (bottom right) planes with all other EFT coe�cients

projected to zero and ⇤ fixed to 1 TeV. Quadratic fits to W
+
W

� + W
±
Z + ZH + W

±
H

distributions are shown in black (blue) for LO (NLO) QCD in SMEFT, while the quadratic fit

to NLO Electroweak Precision Observables is shown in red. The grey (blue) region indicates the

coe�cients no longer correspond to a weakly-coupled theory that is ��⇤4 > ��⇤2 (4⇡��⇤2).

20
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• LHC observables

• Included from available studies in the literature

• or computed in-house via Madgraph5_aMC@NLO 
simulations using our own (partial) implementation of the 
dimension-6 SMEFT

• Validated against SMEFTsim (← To be adopted in Future 
calculations)

• SMEFT@NLO used for some observables

• SMEFT dependence parametrized fitting the coefficients of a 
semi-analytical approximation:

Jorge de Blas 
University of Granada

SMEFT-Tools 2022 
Zürich, September 16, 2022

Generate events
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ai
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ij

bij
CiCj
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Fit to obtain these

I. Brivio, Y. Jiang, M. Trott, JHEP 12 (2017) 070
I. Brivio, JHEP 04 (2021) 073

C. Degrande et al., PRD 103 (2021) 9, 096024
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• Higgs observables at the LHC:

✓ Full SMEFT dependence in Higgs decays:

‣ H→ff; H→gg, γγ, Zγ;  H→VV*→4f 

✓ Inclusive signal strengths at Tevatron and LHC (7, 8 13, 14 TeV)
✓ Simplified Template Cross Section (STXS) Bins:

Jorge de Blas 
University of Granada

SMEFT-Tools 2022 
Zürich, September 16, 2022

• Lessons from Higgs signal strengths and STXS

17Jorge de Blas 
University of Granada

Theory re-interpretation

LHC EFT WG - Area 3 & 4 meeting: experimental measurements, fits and related systematics 
Feb 22, 2021

Less model-dependence

more kinematical info

STXS vs. Signal strengths

But still relies on SM for extrapolations

Measurements in exclusive regions  
of phase space (STXS bins)

Not fully differential but

I. Brivio, T. Corbett, M. Trott ., JHEP 10 (2019) 056
Validated against
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• The dimension-6 SMEFT: EW/Higgs Run 1+Run2 fit

Jorge de Blas 
University of Granada
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• Yukawa couplings:

�L
h↵
6 = �

h

v

X

f2u,d,e

�̂yf mfff + h.c., (12)

where �̂yf mf should be thought as 3 ⇥ 3 matrices in flavour space. FCNC
are avoided when �̂yf is diagonal in the same basis as mf . Note that once we
include dimension-6 contributions, the SM relation between the fermion masses
and Yukawa interactions no longer holds and these are two sets of independent
parameters.

• Vector couplings to fermions: while corrections to the QED and QCD ver-
tices are protected by gauge invariance, the electroweak interactions of fermions
V ff (V = Z,W ) are modified at dimension 6. These modifications are directly
related to contact interactions of the form hV ff :

�L
V↵,hV↵
6 =

g
p
2

✓
1 + 2

h

v

◆
W+

µ

⇣
�̂g`

W
⌫L�

µeL + �̂gq
W,L

uL�
µdL + �̂gq

W,R
uR�

µdR + h.c.
⌘

+
p
g2 + g0 2

✓
1 + 2

h

v

◆
Zµ

"
X

f=u,d,e,⌫

�̂gf
Z,L

f
L
�µfL +

X

f=u,d,e

�̂gf
Z,R

f
R
�µfR

#
.

(13)

The �̂gY
X,L/R

are, again, 3x3 matrices in flavor space and parameterize, in par-
ticular, absolute modifications of the EW couplings. Also, not all terms in the
previous equation are independent and the following relations hold to dimension
6:

�̂g`
W

= �̂g⌫
Z,L

� �̂ge
Z,L

, �̂gq
W,L

= �̂gu
Z,L

VCKM � VCKM�̂gd
Z,L

, (14)

with VCKM the Cabibbo-Kobayashi-Maskawa (CKM) matrix which, unless oth-
erwise is stated, we approximate to the identity matrix.

2.2 E↵ective couplings

As done in [8, 9], some of the results will be presented, not in terms of the Wil-
son coe�cients of the manifestly gauge-invariant operators, but in terms of pseudo-
observable quantities, referred to as e↵ective Higgs and electroweak couplings, com-
puted from physical observables and thus, independent of the basis one could have
chosen for the dimension-6 Lagrangian. This is done by performing the fit internally
in terms of the Wilson coe�cients and then, from the posterior of the fit, compute
the posterior prediction for the quantities

ge↵ 2
HX

⌘
�H!X

�SM
H!X

. (15)

9
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Introduction Framework Measurements Parameterization Results Conclusion

Higgs measurements

! e+e− → hZ, cross section maximized at around
250 GeV.

! e+e− → νν̄h, cross section increases with energy.
! e+e− → t̄th, can be measured with

√
s ! 500GeV.

! e+e− → Zhh and e+e− → νν̄hh (triple Higgs
coupling, not included here).

e−

e+

Z/γ

Z

h

e−

e+

ν

ν̄

W−

W+

h

e−

e+

Z/γ

t

t

t̄

h

Jiayin Gu JGU Mainz

Game of EFT – a song of Higgs and EW

e+e- Single Higgs Productionthat at high energy lepton colliders, vector boson fusion (VBF) production modes begin to
dominate for many electroweak processes [25, 26], allowing them to be thought of as gauge
boson colliders [9, 10, 14, 25]. However, since we focus on single Higgs precision in this
paper for muon colliders, in Figure 1 we show only the unpolarized cross sections for the
most important production mechanisms as a function of energy, where we have separated
WW and ZZ fusion for single Higgs production. As clearly seen, by 10 TeV, VBF is the
dominant production mode for all single Higgs production including ZH and tt̄H. For ex-
ample, we see that W+

W
� fusion single Higgs overtakes ZH by 500 GeV, ZZ fusion single

Higgs overtakes it by 900 GeV, and even VBF ZH production becomes larger by 1.1 TeV.
Since WW provides the largest single Higgs cross section parametrically, it is obvious that
high energy muon colliders will provide the most sensitivity to the hW

+
W

� coupling com-
pared to other Higgs factory options [3]. However, there is also room for complementarity,
given that at lower energies e

+
e
� colliders rely upon the hZZ coupling for the dominant

production mode. The dominance of VBF and the kinematics of a 10 TeV muon collider
presents new challenges as well. Given that the ZZ and W

+
W

� VBF production modes
are both large (even though ZZ is clearly subdominant), they serve as a background to
each other if there aren’t handles to disentangle them. As we will see in the results of
Section 3, Higgs being a sizable background for itself is a common feature for high energy
muon colliders which benefit from the improved S/B compared to hadron colliders.

0.5 1 5 10 50
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0.100
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s [TeV]

�
[f

b
]

� +� - Single Higgs Production

WW�H

ZZ�H

VV�W
±
H

VV�ZH

ZH

VV�ttH

ttH

Figure 1. Cross sections for the most important single Higgs production modes as a function
of energy. Here ZH and tt̄H are s-channel production while the others are vector boson fusion
produced in association with any of (⌫µ⌫̄µ, ⌫µµ±

, µ
+
µ
�).

An obvious handle to disentangle various VBF production contributions is the ability to
tag forward charged particles. For instance, if one could tag forward muons, one could easily
distinguish between ZZ and W

+
W

� VBF processes. However, as the ECM increases far

– 4 –

Machine Pol. (e�, e+) Energy Luminosity Reference

HL-LHC Unpolarised 14 TeV 3 ab�1 [14]

ILC
(⌥80%, ±30%)

250 GeV 2 ab�1

[15]
350 GeV 0.2 ab�1

500 GeV 4 ab�1

(⌥80%,±20%) 1 TeV 8 ab�1

CLIC (±80%, 0%)

380 GeV 1 ab�1

[16]
1.5 TeV 2.5 ab�1

3 TeV 5 ab�1

FCC-ee Unpolarised

Z-pole 150 ab�1

[17]

2mW 10 ab�1

240 GeV 5 ab�1

350 GeV 0.2 ab�1

365 GeV 1.5 ab�1

CEPC Unpolarised

Z-pole 100 ab�1

[18]

2mW 6 ab�1

240 GeV 20 ab�1

350 GeV 0.2 ab�1

360 GeV 1 ab�1

MuC Unpolarised

125 GeV 0.02 ab�1

[19, 20]3 TeV 3 ab�1

10 TeV 10 ab�1

Table 2: Future collider scenarios considered in this work.
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more, a stage at 3 TeV emerges as an appealing option. Reviewing the
physics potential of such collider is the main purpose of this document. In
order to outline the progression of the physics performances across the stages,
a few sensitivity projections for higher energy are also presented.
There are many opportunities for probing new physics at a 3 TeV muon
collider. Some of them are in common with the extensively documented
physics case of the CLIC 3 TeV energy stage, and include measuring the
Higgs trilinear coupling and testing the possible composite nature of the
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Figure 5: A scheme-ball illustration of the correlations between Higgs and EW sector
couplings. The Z-pole runs are included for both FCC-ee and CEPC. Projections from
HL-LHC and measurements from LEP and SLD are included in all scenarios. The outer
bars give the one-sigma precision on the individual coupling (see tables 1 and 2).

lepton collider is built, which naturally brings significant improvements either from direct
Z-pole measurements or from measurements using Z-radiative return. Diboson measure-
ments accessible to all future lepton colliders have a dramatic impact on our knowledge
of the couplings of W -boson to the leptons. The lower energy runs at circular colliders
provide the best reaches on these couplings given the higher e+e≠

æ WW production rates
and luminosities. Runs at the WW production threshold however only play a marginal
role once high luminosities are collected at centre-of-mass energies of 240 GeV and above.

The potential impact of Higgs measurements on EW parameters is assessed by com-

– 19 –
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Figure 10: The 95% CL reaches for for �/


|ci| for HL-LHC and the future lepton colliders
in the SILH’ (top), modified-SILH’ (middle) and Warsaw (bottom) bases. The correspond-
ing values for ci/�2 are shown on the right-hand side in units of [TeV≠2]. The columns
with solid shades shows the results from a global fit, and the ones with light shades are
obtained by switching on one operator at a time.

that in an EFT analysis one always constrain the combination �/
Ô

ci (or ci/�2) rather
than � itself [65], and such comparisons are only valid if the sizes of ci are known, for
instance, from assumptions of the UV theory. Unlike in the rest of the paper, in the
results presented here we will impose, for simplicity, the flavour universality condition in
the operators modifying the gauge-fermion couplings. This reduces the total number of
new physics fit parameters to twenty. For each operator, we show both the reach from a
global fit (solid shade) and the individual one with all other operator coe�cients set to
zero (light shade). The corresponding values for ci/�2 are also shown on the right-hand
side of the plots.
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SMEFT projections at future colliders
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Process Observable
p
s

R
L Experiment SM Ref.

pp ! tt d�/dmtt (15+3 bins) 13 TeV 140 fb�1 CMS [105] [106]

pp ! tt dAC/dmtt (4+2 bins) 13 TeV 140 fb�1 ATLAS [105] [107]

pp ! ttH + tHq � 13 TeV 140 fb�1 ATLAS [108] [109]

pp ! ttZ d�/dpZ
T
(7 bins) 13 TeV 140 fb�1 ATLAS [110] [111]

pp ! tt� d�/dp�
T
(11 bins) 13 TeV 140 fb�1 ATLAS [112,113] [114]

pp ! tZq � 13 TeV 77.4 fb�1 CMS [115] [116]

pp ! t�q � 13 TeV 36 fb�1 CMS [117] [117]

pp ! ttW � 13 TeV 36 fb�1 CMS [108,118] [119]

pp ! tb (s-ch) � 8 TeV 20 fb�1 LHC [120,121] [122]

pp ! tW � 8 TeV 20 fb�1 LHC [123] [122]

pp ! tq (t-ch) � 8 TeV 20 fb�1 LHC [120,121] [122]

t ! Wb F0, FL 8 TeV 20 fb�1 LHC [124] [125]

pp ! tb (s-ch) � 1.96 TeV 9.7 fb�1 Tevatron [126] [127]

e�e+ ! bb Rb , Abb

FBLR
⇠ 91 GeV 202.1 pb�1 LEP/SLD � [36]

Table 23: Measurements included in the EFT fit of the top-quark electroweak sector. For
each measurement, the process, the observable, the center-of-mass energy, the integrated
luminosity and the experiment/collider are given. The last two columns list the references
for the predictions and measurements that are included in the fit. LHC refers to the
combination of ATLAS and CMS measurements. In a similar way, Tevatron refers to the
combination of CDF and D0 results, and LEP/SLD to di↵erent experiments from those two
accelerators.

CEPC projects for their “TeraZ” runs at the Z-pole, shown in Table 3.

The e+e� ! tt process opens up for centre-of-mass energies that exceed twice the
top mass (i.e.

p
s & 350 GeV) and probes the electroweak couplings of the top quark

at tree-level. Data taken with di↵erent beam polarisations at linear colliders can be
used to distinguish the photon and Z-boson couplings [129–131, 133]. At circular
colliders, a measurement of the final state polarisation using the semi-leptonically
decaying top quarks can also be used to separate the two contributions [128]. We
base our prospects on the study of statistically optimal observables defined at leading
order on the e+e� ! tt ! WbWb di↵erential distribution [131]. This WbWb final
state also receives contribution from single top production which become sizeable
at high centre-of-mass energies. Realistic acceptance, identification and reconstruc-
tion e�ciencies are estimated from full-simulation studies for the ILC and CLIC in
Ref. [130,134]. Since they were performed only for sub-set of centre-of-mass energies
and beam polarisations, overall e�ciency factors are extrapolated as a functions of
the centre-of-mass energy. They drop significantly for the TeV centre-of-mass energies
of ILC and CLIC since a degradation of top-selection and flavour-tagging capabilities
is expected in this regime.
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Figure 12: The 95% probability bounds on the Wilson coe�cients for dimension-six opera-
tors that a↵ect the top-quark production and decay measurements listed in Table 23 after
run 2 of the LHC (in dark red) and prospects for the bounds expected after completion of
the complete LHC program, including the high-luminosity stage (in light red). Only linear
terms proportional to ⇤�2 are taken into account in the dependence of the observables on
the Wilson coe�cients. The individual bounds obtained from a single-parameter fit are
shown as solid bars, while the global or marginalised bounds obtained fitting all Wilson
coe�cients at once are indicated by the full bars (shaded region in each bar).

Runs at two di↵erent centre-of-mass energies above the top-quark pair production
threshold are required to disentangle the e+e�tt operator coe�cients from the two-
fermion operator coe�cients [131]. The two sets of operators have very di↵erent
scaling with energy: the sensitivity to four-fermion operators grows quadratically,
while it is constant or grows only linearly for two-fermion operators. In a fit to
data taken at a single centre of mass, linear combinations of their coe�cients remain
degenerate and form blind directions. The combination of runs at two di↵erent centre-

51

G. Durieux et al., arXiv: 2205.02140 [hep-ph]
JB et al., arXiv: 2206.08326 [hep-ph]
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Figure 6. Posteriors for CLQ
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2223. Contours and colours as in Fig. 5.

imental hint for RK 6= RK⇤ at the 1� level, see the discussion in [59]. In the fully data

driven and partly model-dependent cases this can be achieved also through the interplay of

hadronic corrections with LUV NP (see Table 3). See Figs. 6 and 7 for a comparison of

the posteriors for NP coe�cients in scenario E.

4 Conclusions

We have presented a global analysis of the experimental data on b ! s`+`� transitions

from refs. [1–18] under three di↵erent assumptions about the size and shape of the charming

penguin contribution: a fully data driven approach, a partly model-dependent and a fully

model-dependent one. We have shown how current data point to a nontrivial helicity and

– 14 –

M. Ciuchini et al. , arXiv: 2110.10126 [hep-ph]

3 New Physics in B decays without bias

While experimental data on BR’s and angular distributions can be reproduced within the

SM in both the fully data driven and in the partly model-dependent scenarios, reproducing

the central values of the LUV ratios for B ! K(⇤)`+`�, as well as the current measurement

of BR(Bs ! µ+µ�), undoubtedly requires physics beyond the SM.

Given the bounds from direct searches of NP at the LHC, it is reasonable to assume

in this context that NP contributions would arise at energies much larger than the weak

scale. Then, a suitable framework to describe such contributions is given by the SMEFT,

in particular by adding to the SM the following additional dimension-six operators:2

OLQ(1)

2223 = (L̄2�µL2)(Q̄2�
µQ3) ,

OLQ(3)

2223 = (L̄2�µ⌧AL2)(Q̄2�
µ⌧AQ3) ,

OQe
2322 = (Q̄2�µQ3)(ē2�

µe2) ,

OLd
2223 = (L̄2�µL2)(d̄2�

µd3) ,

Oed
2223 = (ē2�µe2)(d̄2�

µd3) , (3.1)

where ⌧A=1,2,3 are Pauli matrices (a sum over A in the equations above is understood), weak

doublets are in upper case and SU(2)L singlets are in lower case, and flavour indices are

defined in the basis of diagonal down-type quark Yukawa couplings. Since in our analysis

operators OLQ(1,3)

2223 always enter as a sum, we collectively denote their Wilson coe�cient as

CLQ
2223. For concreteness, we normalize SMEFT Wilson coe�cients to a NP scale ⇤NP = 30

TeV and we only consider NP contributions to muons.3 Matching the SMEFT operators

onto the weak e↵ective Hamiltonian one obtains the following contributions to operators

Q9V and Q10A and to the chirality-flipped Q0
9V and Q0

10A [78]:

CNP
9 =

⇡v2

↵e�t⇤2
NP

⇣
CLQ(1)

2223 + CLQ(3)

2223 + CQe
2322

⌘
,

CNP
10 =

⇡v2

↵e�t⇤2
NP

⇣
CQe

2322 � CLQ(1)

2223 � CLQ(3)

2223

⌘
,

C 0,NP
9 =

⇡v2

↵e�t⇤2
NP

⇣
Ced

2223 + CLd
2223

⌘
,

C 0,NP
10 =

⇡v2

↵e�t⇤2
NP

⇣
Ced

2223 � CLd
2223

⌘
, (3.2)

with ↵e the fine-structure constant, v the vacuum expectation value of the SM Higgs field,

�t = VtsV
⇤
tb, and alignment in the down-quark sector assumed, i.e. Qi = (V ⇤

ji ujL, djL)T [59].

We perform a Bayesian fit to the data in refs. [1–18] in several NP scenarios charac-

terized by di↵erent combinations of nonvanishing Wilson coe�cients. To perform model

2
Notice that these operators may be further generated at one loop via SM RGE e↵ects, see, e.g., refs. [74,

75]. In addition, here we do not consider the possibility that, integrating out NP, one would generate sizable

Qb̄cc̄s
1,2 as studied e.g. in [76, 77].
3
The focus on LUV e↵ects in muons is mainly motivated by the ⇠ 2.3� tension of the SM with the

current experimental average for the time-integrated BR(Bs ! µ+µ�
).
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�3
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�1

0
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3

C
Q

e
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Data Driven

LCSR @ q2
 1

LCSR

Figure 5. Posteriors in the (CLQ
2223, C

Qe
2322) plane (first panel) and in the (CNP

9 , CNP
10 ) plane (second

panel). The colour scheme is defined in the caption of Fig. 4. Contours correspond to smallest
regions of 68.3%, 95.4% and 99.7% probability.

approach and largest in the fully model-dependent one.

Let us first consider three very simple NP scenarios: scenario A, in which deviations

can only arise in C9, scenario B, in which only CLQ
2223 can be nonvanishing, corresponding

to CNP
9 = �CNP

10 , and scenario C, in which only CNP
10 is allowed to float. Already in these

simple NP scenarios there are dramatic di↵erences in the fit depending on the assumption

on charming penguins. Under the fully data driven and partly model-dependent assump-

tions, scenarios B and C perform much better than scenario A, while the opposite is true

in the fully model-dependent case. As reported in the left panel of Fig. 4, in the fully data

driven approach charming penguins can even interfere destructively with CNP
9 , allowing for

a second solution for LUV observables with positive CNP
9 , albeit with a smaller �IC with

respect to the solution with negative CNP
9 (see Table 2). In the fully model-dependent case,

scenario A is ideal since it allows to strongly improve the agreement of both LUV and angu-

lar observables, while in scenario B the constraint from Bs ! µ+µ� limits the improvement

in angular observables (see Table 3), and scenario C cannot improve the agreement with

angular observables at all. Conversely, under the fully data driven hypothesis, scenarios B

and C allow to reproduce all observables, including LUV and Bs ! µ+µ�, with a minimal

set of NP coe�cients, and therefore stand out as the preferred NP scenarios. The partly

model-dependent case is in a somewhat intermediate position, with scenario C somewhat

disfavoured with respect to scenario B due to the constraints on the charming penguin at

low q2. Obviously, as can be seen in Fig. 4, the p.d.f. for CNP
10 in scenario C is almost

independent of the hadronic uncertainties, while the overall quality of the fit strongly de-

pends on the charming penguins, since in this scenario one needs hadronic contributions

to reproduce the angular distributions and BRs.

More general scenarios with two or more nonvanishing NP Wilson coe�cients, such

as scenario D, where CLQ
2223 and CQe

2322 are allowed to float, or scenario E, where all the

coe�cients of the operators in eq. (3.1) are turned on, are slightly penalized by the number

– 12 –

See also  
L. Silvestrini, M. Valli, PLB 799 (2019) 135062 

For combined analyses of Flavor+EWPO

https://arxiv.org/abs/2110.10126
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• The dimension-6 SMEFT

• Work in progress:

‣ Implementation of (most) general flavor structure 
✓ So far: some non-universality for EW, Higgs & B anomalies 

‣ Implementation of full SMEFT RG running (Weak Effective 
Theory (WET) already state-of-the-art)
✓ So far: some effects relevant for B anomalies 

‣ Implementation of full matching on WET
✓ So far: some matching relevant for B anomalies

‣ Matching with UV?
Jorge de Blas 
University of Granada

UV IR
Λ vEE≪Λ

We don’t need to know this to describe the physics here

Low Energy observables:

Parity Violation: QW (
133
55 Cs, 205

81 Tl), QW (e)(Møller)

⌫ scatt. : gV,A(⌫µe), g2
L,R

(⌫µN)

CKM unitarity :
P

i
|Vui|2

LEP 2 data:

�(e+e� ! `+`�, had), A`
+
`
�

FB
, d�

e+e�!e+e�

d cos ✓

Higgs signal strengths:

H ! ��, ZZ, W+W�, bb̄, ⌧+⌧�

LHC Drell-Yan
�(pp ! `+`�)

3 E↵ective Lagrangian description of New Physics:

Equations
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d=4
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February 16, 2018

EFT analyses with FCC precision

J. de Blasa†

aINFN, Sezione di Roma, Piazzale A. Moro 2, I-00185 Rome, Italy

Abstract

Materials for the talk presented at the FCC physics meeting on Feb. 19 2018.
EFT: E↵ects suppressed by �

q

⇤

�d�4

q = v, E < ⇤

1 Expected precision for EWPO at FCC-ee

Observable Expected uncertainty (Relative uncertainty)

MZ [GeV] 10
�4

(10
�6

)

�Z [GeV] 10
�4

(4 ⇥ 10
�5

)

�
0
had [nb] 5⇥10

�3
(10

�4
)

Re 0.006 (3 ⇥ 10
�4

)

Rµ 0.001 (5 ⇥ 10
�4

)

R⌧ 0.002 (10
�4

)

Rb 0.00006 (3 ⇥ 10
�4

)

Rc 0.00026 (15 ⇥ 10
�4

)

Table 1: Expected sensitivities to Z-lineshape parameters and normalized partial decay widths.

†E-mail: Jorge.DeBlasMateo@roma1.infn.it
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LaTeX materials for the talks at the HEFT 2020
workshop. April 2020.

J. de Blas
a†

a
Institute for Particle Physics Phenomenology, Department of Physics, Durham University,

Durham DH1 3LE, United Kingdom

Abstract

LaTeX materials for the talks at the HEFT 2020 workshop. April 2020
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• The question now is:  What can we learn from new physics from these EFT fits?

Effective Field Theories: Matching in the SMEFT

SM ⊂ EFT
Assumptions 
SMEFT/HEFT 
Dim 6, 8, … 

Flavor Struct. 
LO, NLO 

…

Limits on NP?
Signal of NP?

Correlations
Low Energy

Phenomenology Constraints

Higgs

Top

EW

…Flavour

SMEFT
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Effective Field Theories: Matching in the SMEFT
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Effective Field Theories: Matching in the SMEFT

• The question now is:  What can we learn from new physics from these EFT fits?

• Projecting (SM)EFT results to specific scenarios requires matching between the 
NP model and the EFT

SM ⊂ EFT
Assumptions 
SMEFT/HEFT 
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LO, NLO 
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SMEFT

Limits on EFT Wilson coefficients                   Limits on BSM
Matching: Wilson coefficients as function of BSM model couplings and masses 
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Effective Field Theories: Matching in the SMEFT

• The question now is:  What can we learn from new physics from these EFT fits?

• Projecting (SM)EFT results to specific scenarios requires matching between the 
NP model and the EFT
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Limits on EFT Wilson coefficients                   Limits on BSM
Matching: Wilson coefficients as function of BSM model couplings and masses 

J. B., J.C. Criado, M. Pérez- Victoria, J. Santiago, 
JHEP 1803 (2018) 109

Ld=6
Eff
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~30 pages

The full UV/IR tree-level dictionary:  
48 multiplets contribute to dim 6 

UV - IR (SMEFT) Matching

Tools available or in development for 1-loop matching 

MatchMakereft 

STrEAM

Calculation of functional supertraces with CDE

Tree-level matching automated in 
MatchingTools: 

Automated 1-loop matching

A Calculator of Functional Supertraces

for One-Loop EFT Matching

Anders Eller Thomsen
with J. Fuentes-Mart́ın, M. König,

J. Pagès, and F. Wilsch [2012.08506]

EFT WG Area 5

February 8th 2020

thomsen@itp.unibe.ch

CoDEx
CoDEx : Wilson coe�cient calculator

connecting SMEFT to UV theory

Supratim Das Bakshi,1, ú Joydeep Chakrabortty,1, † and Sunando Kumar Patra1, ‡

1Department of Physics, Indian Institute of Technology, Kanpur-208016, India

CoDEx is a Mathematica® package that calculates the Wilson Coe�cients (WCs) corresponding to
e�ective operators up to mass dimension-6. Once the part of the Lagrangian involving single as well
as multiple degenerate heavy fields, belonging to some Beyond Standard Model (BSM) theory, is
given, the package can then integrate out propagators from the tree as well as 1-loop diagrams of
that BSM theory. It then computes the associated WCs up to 1-loop level, for two di�erent bases:
"Warsaw" and "SILH". CoDEx requires only very basic information about the heavy field(s), e.g.,
Colour, Isospin, Hyper-charge, Mass, and Spin. The package first calculates the WCs at the high
scale (mass of the heavy field(s)). We then have an option to perform the renormalisation group
evolutions (RGEs) of these operators in "Warsaw" basis, a complete one (unlike "SILH"), using the
anomalous dimension matrix. Thus, one can get all e�ective operators at the electro-weak scale,
generated from any such BSM theory, containing heavy fields of spin: 0, 1/2, and 1. We have
provided many example models (both here and in the package-documentation) that more or less
encompass di�erent choices of heavy fields and interactions. Relying on the status of the present day
precision data, we restrict ourselves up to dimension-6 e�ective operators. This will be generalised
for any dimensional operators in a later version.

Program Summary

Program Title: CoDEx
Version: 1.0.0
Licensing provisions: CC By 4.0
Programming language: Wolfram Language®

URL: https://effexteam.github.io/CoDEx
Send BUG reports and Questions: effex.package@gmail.com

ú
sdbakshi13@gmail.com

†
joydeep.chakrabortty@gmail.com

‡
sunando.patra@gmail.com
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Matchmakereft: automated tree-level and one-loop matching

Adrián Carmona a,b, Achilleas Lazopoulos b, Pablo Olgoso a and José
Santiago a

a CAFPE and Departamento de F́ısica Teórica y del Cosmos, Universidad de Granada,
Campus de Fuentenueva, E–18071 Granada, Spain

b Institute for Theoretical Physics, ETZ Zürich, 8093 Zürich, Switzerland

Abstract

We introduce matchmakereft, a fully automated tool to compute the tree-
level and one-loop matching of arbitrary models onto arbitrary e↵ective theories.
Matchmakereft performs an o↵-shell matching, using diagrammatic methods and
the BFM when gauge theories are involved. The large redundancy inherent to the
o↵-shell matching together with explicit gauge invariance o↵ers a significant number
of non-trivial checks of the results provided. These results are given in the physical
basis but several intermediate results, including the matching in the Green basis
before and after canonical normalization, are given for flexibility and the possibility
of further cross-checks. As a non-trivial example we provide the complete matching
in the Warsaw basis up to one loop of an extension of the Standard Model with
a charge �1 vector-like lepton singlet. Matchmakereft has been built with gener-
ality, flexibility and e�ciency in mind. These ingredients allow matchmakereft to
have many applications beyond the matching between models and e↵ective theo-
ries. Some of these applications include the one-loop renormalization of arbitrary
theories (including the calculation of the one-loop renormalization group equations
for arbitrary theories); the translation between di↵erent Green bases for a fixed
e↵ective theory or the check of (o↵-shell) linear independence of the operators in an
e↵ective theory. All these applications are performed in a fully automated way by
matchmakereft.
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Why EFTs in BSM Physics?

Match any high-scale New Physics to an agreed-upon parameterizationú.

Low-energy phenomenology can simply be extracted from reference
results derived using said parameterization!

As an added benefit of the EFT framework, logarithmic corrections are
easily included.

Still, this is a lenghty task, heavy on book-keeping, easy to make
mistakes, miss contributions, ...

Find an automated solution, in order to
MATCH E�ective Theories E�ciently .

Automated One-Loop Matching with MATCHETE



Effective Field Theories: Matching in the SMEFT

• The question now is:  What can we learn from new physics from these EFT fits?

• Projecting (SM)EFT results to specific scenarios requires matching between the 
NP model and the EFT

SM ⊂ EFT
Assumptions 
SMEFT/HEFT 
Dim 6, 8, … 

Flavor Struct. 
LO, NLO 

…

UV theory/BSM

M
at

ch
in

g

Limits on NP?

High Energy

Λ

R
G

E

Signal of NP?

Correlations

What can we learn about BSM?

Low Energy

Phenomenology Constraints

Higgs

Top

EW

…Flavour

SMEFT

Limits on EFT Wilson coefficients                   Limits on BSM
Matching: Wilson coefficients as function of BSM model couplings and masses 

J. B., J.C. Criado, M. Pérez- Victoria, J. Santiago, 
JHEP 1803 (2018) 109

Ld=6
Eff
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~30 pages

The full UV/IR tree-level dictionary:  
48 multiplets contribute to dim 6 

UV - IR (SMEFT) Matching

Tools available or in development for 1-loop matching 

MatchMakereft 

STrEAM

Calculation of functional supertraces with CDE

Tree-level matching automated in 
MatchingTools: 

Automated 1-loop matching

A Calculator of Functional Supertraces

for One-Loop EFT Matching

Anders Eller Thomsen
with J. Fuentes-Mart́ın, M. König,

J. Pagès, and F. Wilsch [2012.08506]

EFT WG Area 5

February 8th 2020

thomsen@itp.unibe.ch

CoDEx
CoDEx : Wilson coe�cient calculator

connecting SMEFT to UV theory

Supratim Das Bakshi,1, ú Joydeep Chakrabortty,1, † and Sunando Kumar Patra1, ‡

1Department of Physics, Indian Institute of Technology, Kanpur-208016, India

CoDEx is a Mathematica® package that calculates the Wilson Coe�cients (WCs) corresponding to
e�ective operators up to mass dimension-6. Once the part of the Lagrangian involving single as well
as multiple degenerate heavy fields, belonging to some Beyond Standard Model (BSM) theory, is
given, the package can then integrate out propagators from the tree as well as 1-loop diagrams of
that BSM theory. It then computes the associated WCs up to 1-loop level, for two di�erent bases:
"Warsaw" and "SILH". CoDEx requires only very basic information about the heavy field(s), e.g.,
Colour, Isospin, Hyper-charge, Mass, and Spin. The package first calculates the WCs at the high
scale (mass of the heavy field(s)). We then have an option to perform the renormalisation group
evolutions (RGEs) of these operators in "Warsaw" basis, a complete one (unlike "SILH"), using the
anomalous dimension matrix. Thus, one can get all e�ective operators at the electro-weak scale,
generated from any such BSM theory, containing heavy fields of spin: 0, 1/2, and 1. We have
provided many example models (both here and in the package-documentation) that more or less
encompass di�erent choices of heavy fields and interactions. Relying on the status of the present day
precision data, we restrict ourselves up to dimension-6 e�ective operators. This will be generalised
for any dimensional operators in a later version.

Program Summary

Program Title: CoDEx
Version: 1.0.0
Licensing provisions: CC By 4.0
Programming language: Wolfram Language®

URL: https://effexteam.github.io/CoDEx
Send BUG reports and Questions: effex.package@gmail.com

ú
sdbakshi13@gmail.com

†
joydeep.chakrabortty@gmail.com

‡
sunando.patra@gmail.com
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Matchmakereft: automated tree-level and one-loop matching

Adrián Carmona a,b, Achilleas Lazopoulos b, Pablo Olgoso a and José
Santiago a

a CAFPE and Departamento de F́ısica Teórica y del Cosmos, Universidad de Granada,
Campus de Fuentenueva, E–18071 Granada, Spain

b Institute for Theoretical Physics, ETZ Zürich, 8093 Zürich, Switzerland

Abstract

We introduce matchmakereft, a fully automated tool to compute the tree-
level and one-loop matching of arbitrary models onto arbitrary e↵ective theories.
Matchmakereft performs an o↵-shell matching, using diagrammatic methods and
the BFM when gauge theories are involved. The large redundancy inherent to the
o↵-shell matching together with explicit gauge invariance o↵ers a significant number
of non-trivial checks of the results provided. These results are given in the physical
basis but several intermediate results, including the matching in the Green basis
before and after canonical normalization, are given for flexibility and the possibility
of further cross-checks. As a non-trivial example we provide the complete matching
in the Warsaw basis up to one loop of an extension of the Standard Model with
a charge �1 vector-like lepton singlet. Matchmakereft has been built with gener-
ality, flexibility and e�ciency in mind. These ingredients allow matchmakereft to
have many applications beyond the matching between models and e↵ective theo-
ries. Some of these applications include the one-loop renormalization of arbitrary
theories (including the calculation of the one-loop renormalization group equations
for arbitrary theories); the translation between di↵erent Green bases for a fixed
e↵ective theory or the check of (o↵-shell) linear independence of the operators in an
e↵ective theory. All these applications are performed in a fully automated way by
matchmakereft.
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Building interface with MatchMakereft output via class inheriting from current SMEFT class 

Model  ←  QCD  ←  StandardModel  ←  NPBase  ←  NPSMEFTd6   ←  NPd6MatchEFT

→ It will allow direct use of SMEFT likelihood for whichever  
(weakly coupled) heavy new physics model you can think of 

Why EFTs in BSM Physics?

Match any high-scale New Physics to an agreed-upon parameterizationú.

Low-energy phenomenology can simply be extracted from reference
results derived using said parameterization!

As an added benefit of the EFT framework, logarithmic corrections are
easily included.

Still, this is a lenghty task, heavy on book-keeping, easy to make
mistakes, miss contributions, ...

Find an automated solution, in order to
MATCH E�ective Theories E�ciently .

Automated One-Loop Matching with MATCHETE
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Making it work…
Installation 
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• ROOT (https://root.cern.ch)

✓ Plotting. Stores all histograms generated at run time (*.pdf & *.root)

✓ Compatible with ROOT v5 and v6

• BOOST C++ Libraries (http://www.boost.org)

✓ Used for efficient and safe memory handling

• GSL (https://www.gnu.org/software/gsl/):

✓ GNU Scientific Libraries are used for efficient matrix operations and 
integrals

• NetBeans IDE (https://netbeans.org)

✓ Only required to work with developer’s version (available through GitHub)

Jorge de Blas 
University of Granada

fit
1

HEP
Dependencies - Mandatory

SMEFT-Tools 2022 
Zürich, September 16, 2022
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• BAT (https://www.mppmu.mpg.de/bat/)

✓ Bayesian Analysis Tool based Markov Chain Monte Carlo routines

✓ Required if using our MCMC engine

• OpenMPI (https://www.open-mpi.org)

✓ Required only for parallel runs (e.g. Cluster computing)

✓ Tested for large scale @ O(103) cores in batch submission systems

• Download tarball from https://hepfit.roma1.infn.it

Jorge de Blas 
University of Granada

fit
1

HEP
Dependencies - Optional

Quick Installation

any ports for Mac. HEPfit is compatible with GSL v1.16 or greater.

• ROOT v5 or greater: ROOT is an object oriented data analysis framework. You can obtain

it from the ROOT website. BAT requires ROOT v5.34.19 or greater. Both HEPfit and BAT are

compatible with ROOT v6. NOTE: If GSL is installed before compiling ROOT from source, then

ROOT builds by default the MathMore library, which depends on GSL. Hence it is recommended

to install GSL before installing ROOT.

• BOOST: BOOST is a C++ library which can be obtained from the BOOST website or from Linux

package managers or Mac ports. HEPfit only requires the BOOST headers, not the full li-

braries, so a header-only installation is su�cient. HEPfit has been tested to work with BOOST

v1.53 and greater.

• MPI: Optionally, HEPfit can be compiled with MPI for usage in parallelized clusters and

processors supporting multi-threading. In this case, the HEPfit installer will patch and

compile BAT with MPI support as described below. To this purpose one needs OpenMPI

which is also available through package managers in Linux and ports on Mac.

• BAT v1.0 (not required for the Library mode): The BAT website o↵ers the source

code for BAT but it should not be used with HEPfit since a patch is required to integrate

BAT with HEPfit. With the compilation option -DBAT INSTALL=ON explained below, the

HEPfit installation package will download, patch and install BAT. The parallelized version of

BAT compatible with the parallelized version of HEPfit can be installed with the additional

option -DMPIBAT=ON for which MPI must be installed (see “MPI Support” below).

6.1 Installation procedure

Quick Installation Instructions:

In a nutshell, if all dependencies are satisfied, for a fully MPI compatible MCMC capable

HEPfit version x.y installation from the tarball downloaded from the HEPfit website:

$ tar xvzf HEPfit -x.y.tar.gz

$ mkdir HEPfit -x.y/build

$ cd HEPfit -x.y/build

$ cmake .. -DLOCAL_INSTALL_ALL=ON -DMPIBAT=ON

$ make

$ make install

To run your first example:

$ cd examples/MonteCarloMode/

$ make

$ mpiexec -n 5 ./ analysis ../ config/StandardModel.conf MonteCarlo.conf

This is all you need for running a MCMC simulation on 5 cores with the model, parameters and

observables specified in the configuration files in examples/config directory with HEPfit. For

variations please read what follows.

Detailed Installation Instructions

Unpack the tarball containing the HEPfit version x.y source which you can obtain from the

HEPfit website. A directory called HEPfit-x.y will be created containing the source code. To

generate Makefiles, enter the source directory and run CMake:

– 20 –

SMEFT-Tools 2022 
Zürich, September 16, 2022

V1 to be updated soon with all the newest developments

https://www.mppmu.mpg.de/bat/
https://www.open-mpi.org
https://hepfit.roma1.infn.it
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Making it work…
Running example 



Running           
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HEP
Running example: Input

any ports for Mac. HEPfit is compatible with GSL v1.16 or greater.

• ROOT v5 or greater: ROOT is an object oriented data analysis framework. You can obtain

it from the ROOT website. BAT requires ROOT v5.34.19 or greater. Both HEPfit and BAT are

compatible with ROOT v6. NOTE: If GSL is installed before compiling ROOT from source, then

ROOT builds by default the MathMore library, which depends on GSL. Hence it is recommended

to install GSL before installing ROOT.

• BOOST: BOOST is a C++ library which can be obtained from the BOOST website or from Linux

package managers or Mac ports. HEPfit only requires the BOOST headers, not the full li-

braries, so a header-only installation is su�cient. HEPfit has been tested to work with BOOST

v1.53 and greater.

• MPI: Optionally, HEPfit can be compiled with MPI for usage in parallelized clusters and

processors supporting multi-threading. In this case, the HEPfit installer will patch and

compile BAT with MPI support as described below. To this purpose one needs OpenMPI

which is also available through package managers in Linux and ports on Mac.

• BAT v1.0 (not required for the Library mode): The BAT website o↵ers the source

code for BAT but it should not be used with HEPfit since a patch is required to integrate

BAT with HEPfit. With the compilation option -DBAT INSTALL=ON explained below, the

HEPfit installation package will download, patch and install BAT. The parallelized version of

BAT compatible with the parallelized version of HEPfit can be installed with the additional

option -DMPIBAT=ON for which MPI must be installed (see “MPI Support” below).

6.1 Installation procedure

Quick Installation Instructions:

In a nutshell, if all dependencies are satisfied, for a fully MPI compatible MCMC capable

HEPfit version x.y installation from the tarball downloaded from the HEPfit website:

$ tar xvzf HEPfit -x.y.tar.gz

$ mkdir HEPfit -x.y/build

$ cd HEPfit -x.y/build

$ cmake .. -DLOCAL_INSTALL_ALL=ON -DMPIBAT=ON

$ make

$ make install

To run your first example:

$ cd examples/MonteCarloMode/

$ make

$ mpiexec -n 5 ./ analysis ../ config/StandardModel.conf MonteCarlo.conf

This is all you need for running a MCMC simulation on 5 cores with the model, parameters and

observables specified in the configuration files in examples/config directory with HEPfit. For

variations please read what follows.

Detailed Installation Instructions

Unpack the tarball containing the HEPfit version x.y source which you can obtain from the

HEPfit website. A directory called HEPfit-x.y will be created containing the source code. To

generate Makefiles, enter the source directory and run CMake:

– 20 –

SMEFT-Tools 2022 
Zürich, September 16, 2022
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any ports for Mac. HEPfit is compatible with GSL v1.16 or greater.

• ROOT v5 or greater: ROOT is an object oriented data analysis framework. You can obtain

it from the ROOT website. BAT requires ROOT v5.34.19 or greater. Both HEPfit and BAT are

compatible with ROOT v6. NOTE: If GSL is installed before compiling ROOT from source, then

ROOT builds by default the MathMore library, which depends on GSL. Hence it is recommended

to install GSL before installing ROOT.

• BOOST: BOOST is a C++ library which can be obtained from the BOOST website or from Linux

package managers or Mac ports. HEPfit only requires the BOOST headers, not the full li-

braries, so a header-only installation is su�cient. HEPfit has been tested to work with BOOST

v1.53 and greater.

• MPI: Optionally, HEPfit can be compiled with MPI for usage in parallelized clusters and

processors supporting multi-threading. In this case, the HEPfit installer will patch and

compile BAT with MPI support as described below. To this purpose one needs OpenMPI

which is also available through package managers in Linux and ports on Mac.

• BAT v1.0 (not required for the Library mode): The BAT website o↵ers the source

code for BAT but it should not be used with HEPfit since a patch is required to integrate

BAT with HEPfit. With the compilation option -DBAT INSTALL=ON explained below, the

HEPfit installation package will download, patch and install BAT. The parallelized version of

BAT compatible with the parallelized version of HEPfit can be installed with the additional

option -DMPIBAT=ON for which MPI must be installed (see “MPI Support” below).

6.1 Installation procedure

Quick Installation Instructions:

In a nutshell, if all dependencies are satisfied, for a fully MPI compatible MCMC capable

HEPfit version x.y installation from the tarball downloaded from the HEPfit website:

$ tar xvzf HEPfit -x.y.tar.gz

$ mkdir HEPfit -x.y/build

$ cd HEPfit -x.y/build

$ cmake .. -DLOCAL_INSTALL_ALL=ON -DMPIBAT=ON

$ make

$ make install

To run your first example:

$ cd examples/MonteCarloMode/

$ make

$ mpiexec -n 5 ./ analysis ../ config/StandardModel.conf MonteCarlo.conf

This is all you need for running a MCMC simulation on 5 cores with the model, parameters and

observables specified in the configuration files in examples/config directory with HEPfit. For

variations please read what follows.

Detailed Installation Instructions

Unpack the tarball containing the HEPfit version x.y source which you can obtain from the

HEPfit website. A directory called HEPfit-x.y will be created containing the source code. To

generate Makefiles, enter the source directory and run CMake:

– 20 –

# of CPU cores to use (5)
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any ports for Mac. HEPfit is compatible with GSL v1.16 or greater.

• ROOT v5 or greater: ROOT is an object oriented data analysis framework. You can obtain

it from the ROOT website. BAT requires ROOT v5.34.19 or greater. Both HEPfit and BAT are

compatible with ROOT v6. NOTE: If GSL is installed before compiling ROOT from source, then

ROOT builds by default the MathMore library, which depends on GSL. Hence it is recommended

to install GSL before installing ROOT.

• BOOST: BOOST is a C++ library which can be obtained from the BOOST website or from Linux

package managers or Mac ports. HEPfit only requires the BOOST headers, not the full li-

braries, so a header-only installation is su�cient. HEPfit has been tested to work with BOOST

v1.53 and greater.

• MPI: Optionally, HEPfit can be compiled with MPI for usage in parallelized clusters and

processors supporting multi-threading. In this case, the HEPfit installer will patch and

compile BAT with MPI support as described below. To this purpose one needs OpenMPI

which is also available through package managers in Linux and ports on Mac.

• BAT v1.0 (not required for the Library mode): The BAT website o↵ers the source

code for BAT but it should not be used with HEPfit since a patch is required to integrate

BAT with HEPfit. With the compilation option -DBAT INSTALL=ON explained below, the

HEPfit installation package will download, patch and install BAT. The parallelized version of

BAT compatible with the parallelized version of HEPfit can be installed with the additional

option -DMPIBAT=ON for which MPI must be installed (see “MPI Support” below).

6.1 Installation procedure

Quick Installation Instructions:

In a nutshell, if all dependencies are satisfied, for a fully MPI compatible MCMC capable

HEPfit version x.y installation from the tarball downloaded from the HEPfit website:

$ tar xvzf HEPfit -x.y.tar.gz

$ mkdir HEPfit -x.y/build

$ cd HEPfit -x.y/build

$ cmake .. -DLOCAL_INSTALL_ALL=ON -DMPIBAT=ON

$ make

$ make install

To run your first example:

$ cd examples/MonteCarloMode/

$ make

$ mpiexec -n 5 ./ analysis ../ config/StandardModel.conf MonteCarlo.conf

This is all you need for running a MCMC simulation on 5 cores with the model, parameters and

observables specified in the configuration files in examples/config directory with HEPfit. For

variations please read what follows.

Detailed Installation Instructions

Unpack the tarball containing the HEPfit version x.y source which you can obtain from the

HEPfit website. A directory called HEPfit-x.y will be created containing the source code. To

generate Makefiles, enter the source directory and run CMake:

– 20 –
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Model parameter priors & Observables in input/output

Model pars.

Observables

Running           fit
1

HEP



59Jorge de Blas 
University of Granada

Running example: Input

any ports for Mac. HEPfit is compatible with GSL v1.16 or greater.

• ROOT v5 or greater: ROOT is an object oriented data analysis framework. You can obtain

it from the ROOT website. BAT requires ROOT v5.34.19 or greater. Both HEPfit and BAT are

compatible with ROOT v6. NOTE: If GSL is installed before compiling ROOT from source, then

ROOT builds by default the MathMore library, which depends on GSL. Hence it is recommended

to install GSL before installing ROOT.

• BOOST: BOOST is a C++ library which can be obtained from the BOOST website or from Linux

package managers or Mac ports. HEPfit only requires the BOOST headers, not the full li-

braries, so a header-only installation is su�cient. HEPfit has been tested to work with BOOST

v1.53 and greater.

• MPI: Optionally, HEPfit can be compiled with MPI for usage in parallelized clusters and

processors supporting multi-threading. In this case, the HEPfit installer will patch and

compile BAT with MPI support as described below. To this purpose one needs OpenMPI

which is also available through package managers in Linux and ports on Mac.

• BAT v1.0 (not required for the Library mode): The BAT website o↵ers the source

code for BAT but it should not be used with HEPfit since a patch is required to integrate

BAT with HEPfit. With the compilation option -DBAT INSTALL=ON explained below, the

HEPfit installation package will download, patch and install BAT. The parallelized version of

BAT compatible with the parallelized version of HEPfit can be installed with the additional

option -DMPIBAT=ON for which MPI must be installed (see “MPI Support” below).

6.1 Installation procedure

Quick Installation Instructions:

In a nutshell, if all dependencies are satisfied, for a fully MPI compatible MCMC capable

HEPfit version x.y installation from the tarball downloaded from the HEPfit website:

$ tar xvzf HEPfit -x.y.tar.gz

$ mkdir HEPfit -x.y/build

$ cd HEPfit -x.y/build

$ cmake .. -DLOCAL_INSTALL_ALL=ON -DMPIBAT=ON

$ make

$ make install

To run your first example:

$ cd examples/MonteCarloMode/

$ make

$ mpiexec -n 5 ./ analysis ../ config/StandardModel.conf MonteCarlo.conf

This is all you need for running a MCMC simulation on 5 cores with the model, parameters and

observables specified in the configuration files in examples/config directory with HEPfit. For

variations please read what follows.

Detailed Installation Instructions

Unpack the tarball containing the HEPfit version x.y source which you can obtain from the

HEPfit website. A directory called HEPfit-x.y will be created containing the source code. To

generate Makefiles, enter the source directory and run CMake:

– 20 –
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any ports for Mac. HEPfit is compatible with GSL v1.16 or greater.

• ROOT v5 or greater: ROOT is an object oriented data analysis framework. You can obtain

it from the ROOT website. BAT requires ROOT v5.34.19 or greater. Both HEPfit and BAT are

compatible with ROOT v6. NOTE: If GSL is installed before compiling ROOT from source, then

ROOT builds by default the MathMore library, which depends on GSL. Hence it is recommended

to install GSL before installing ROOT.

• BOOST: BOOST is a C++ library which can be obtained from the BOOST website or from Linux

package managers or Mac ports. HEPfit only requires the BOOST headers, not the full li-

braries, so a header-only installation is su�cient. HEPfit has been tested to work with BOOST

v1.53 and greater.

• MPI: Optionally, HEPfit can be compiled with MPI for usage in parallelized clusters and

processors supporting multi-threading. In this case, the HEPfit installer will patch and

compile BAT with MPI support as described below. To this purpose one needs OpenMPI

which is also available through package managers in Linux and ports on Mac.

• BAT v1.0 (not required for the Library mode): The BAT website o↵ers the source

code for BAT but it should not be used with HEPfit since a patch is required to integrate

BAT with HEPfit. With the compilation option -DBAT INSTALL=ON explained below, the

HEPfit installation package will download, patch and install BAT. The parallelized version of

BAT compatible with the parallelized version of HEPfit can be installed with the additional

option -DMPIBAT=ON for which MPI must be installed (see “MPI Support” below).

6.1 Installation procedure

Quick Installation Instructions:

In a nutshell, if all dependencies are satisfied, for a fully MPI compatible MCMC capable

HEPfit version x.y installation from the tarball downloaded from the HEPfit website:

$ tar xvzf HEPfit -x.y.tar.gz

$ mkdir HEPfit -x.y/build

$ cd HEPfit -x.y/build

$ cmake .. -DLOCAL_INSTALL_ALL=ON -DMPIBAT=ON

$ make

$ make install

To run your first example:

$ cd examples/MonteCarloMode/

$ make

$ mpiexec -n 5 ./ analysis ../ config/StandardModel.conf MonteCarlo.conf

This is all you need for running a MCMC simulation on 5 cores with the model, parameters and

observables specified in the configuration files in examples/config directory with HEPfit. For

variations please read what follows.

Detailed Installation Instructions

Unpack the tarball containing the HEPfit version x.y source which you can obtain from the

HEPfit website. A directory called HEPfit-x.y will be created containing the source code. To

generate Makefiles, enter the source directory and run CMake:
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any ports for Mac. HEPfit is compatible with GSL v1.16 or greater.

• ROOT v5 or greater: ROOT is an object oriented data analysis framework. You can obtain

it from the ROOT website. BAT requires ROOT v5.34.19 or greater. Both HEPfit and BAT are

compatible with ROOT v6. NOTE: If GSL is installed before compiling ROOT from source, then

ROOT builds by default the MathMore library, which depends on GSL. Hence it is recommended

to install GSL before installing ROOT.

• BOOST: BOOST is a C++ library which can be obtained from the BOOST website or from Linux

package managers or Mac ports. HEPfit only requires the BOOST headers, not the full li-

braries, so a header-only installation is su�cient. HEPfit has been tested to work with BOOST

v1.53 and greater.

• MPI: Optionally, HEPfit can be compiled with MPI for usage in parallelized clusters and

processors supporting multi-threading. In this case, the HEPfit installer will patch and

compile BAT with MPI support as described below. To this purpose one needs OpenMPI

which is also available through package managers in Linux and ports on Mac.

• BAT v1.0 (not required for the Library mode): The BAT website o↵ers the source

code for BAT but it should not be used with HEPfit since a patch is required to integrate

BAT with HEPfit. With the compilation option -DBAT INSTALL=ON explained below, the

HEPfit installation package will download, patch and install BAT. The parallelized version of

BAT compatible with the parallelized version of HEPfit can be installed with the additional

option -DMPIBAT=ON for which MPI must be installed (see “MPI Support” below).

6.1 Installation procedure

Quick Installation Instructions:

In a nutshell, if all dependencies are satisfied, for a fully MPI compatible MCMC capable

HEPfit version x.y installation from the tarball downloaded from the HEPfit website:

$ tar xvzf HEPfit -x.y.tar.gz

$ mkdir HEPfit -x.y/build

$ cd HEPfit -x.y/build

$ cmake .. -DLOCAL_INSTALL_ALL=ON -DMPIBAT=ON

$ make

$ make install

To run your first example:

$ cd examples/MonteCarloMode/

$ make

$ mpiexec -n 5 ./ analysis ../ config/StandardModel.conf MonteCarlo.conf

This is all you need for running a MCMC simulation on 5 cores with the model, parameters and

observables specified in the configuration files in examples/config directory with HEPfit. For

variations please read what follows.

Detailed Installation Instructions

Unpack the tarball containing the HEPfit version x.y source which you can obtain from the

HEPfit website. A directory called HEPfit-x.y will be created containing the source code. To

generate Makefiles, enter the source directory and run CMake:
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any ports for Mac. HEPfit is compatible with GSL v1.16 or greater.

• ROOT v5 or greater: ROOT is an object oriented data analysis framework. You can obtain

it from the ROOT website. BAT requires ROOT v5.34.19 or greater. Both HEPfit and BAT are

compatible with ROOT v6. NOTE: If GSL is installed before compiling ROOT from source, then

ROOT builds by default the MathMore library, which depends on GSL. Hence it is recommended

to install GSL before installing ROOT.

• BOOST: BOOST is a C++ library which can be obtained from the BOOST website or from Linux

package managers or Mac ports. HEPfit only requires the BOOST headers, not the full li-

braries, so a header-only installation is su�cient. HEPfit has been tested to work with BOOST

v1.53 and greater.

• MPI: Optionally, HEPfit can be compiled with MPI for usage in parallelized clusters and

processors supporting multi-threading. In this case, the HEPfit installer will patch and

compile BAT with MPI support as described below. To this purpose one needs OpenMPI

which is also available through package managers in Linux and ports on Mac.

• BAT v1.0 (not required for the Library mode): The BAT website o↵ers the source

code for BAT but it should not be used with HEPfit since a patch is required to integrate

BAT with HEPfit. With the compilation option -DBAT INSTALL=ON explained below, the

HEPfit installation package will download, patch and install BAT. The parallelized version of

BAT compatible with the parallelized version of HEPfit can be installed with the additional

option -DMPIBAT=ON for which MPI must be installed (see “MPI Support” below).

6.1 Installation procedure

Quick Installation Instructions:

In a nutshell, if all dependencies are satisfied, for a fully MPI compatible MCMC capable

HEPfit version x.y installation from the tarball downloaded from the HEPfit website:

$ tar xvzf HEPfit -x.y.tar.gz

$ mkdir HEPfit -x.y/build

$ cd HEPfit -x.y/build

$ cmake .. -DLOCAL_INSTALL_ALL=ON -DMPIBAT=ON

$ make

$ make install

To run your first example:

$ cd examples/MonteCarloMode/

$ make

$ mpiexec -n 5 ./ analysis ../ config/StandardModel.conf MonteCarlo.conf

This is all you need for running a MCMC simulation on 5 cores with the model, parameters and

observables specified in the configuration files in examples/config directory with HEPfit. For

variations please read what follows.

Detailed Installation Instructions

Unpack the tarball containing the HEPfit version x.y source which you can obtain from the

HEPfit website. A directory called HEPfit-x.y will be created containing the source code. To

generate Makefiles, enter the source directory and run CMake:
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any ports for Mac. HEPfit is compatible with GSL v1.16 or greater.

• ROOT v5 or greater: ROOT is an object oriented data analysis framework. You can obtain

it from the ROOT website. BAT requires ROOT v5.34.19 or greater. Both HEPfit and BAT are

compatible with ROOT v6. NOTE: If GSL is installed before compiling ROOT from source, then

ROOT builds by default the MathMore library, which depends on GSL. Hence it is recommended

to install GSL before installing ROOT.

• BOOST: BOOST is a C++ library which can be obtained from the BOOST website or from Linux

package managers or Mac ports. HEPfit only requires the BOOST headers, not the full li-

braries, so a header-only installation is su�cient. HEPfit has been tested to work with BOOST

v1.53 and greater.

• MPI: Optionally, HEPfit can be compiled with MPI for usage in parallelized clusters and

processors supporting multi-threading. In this case, the HEPfit installer will patch and

compile BAT with MPI support as described below. To this purpose one needs OpenMPI

which is also available through package managers in Linux and ports on Mac.

• BAT v1.0 (not required for the Library mode): The BAT website o↵ers the source

code for BAT but it should not be used with HEPfit since a patch is required to integrate

BAT with HEPfit. With the compilation option -DBAT INSTALL=ON explained below, the

HEPfit installation package will download, patch and install BAT. The parallelized version of

BAT compatible with the parallelized version of HEPfit can be installed with the additional

option -DMPIBAT=ON for which MPI must be installed (see “MPI Support” below).

6.1 Installation procedure

Quick Installation Instructions:

In a nutshell, if all dependencies are satisfied, for a fully MPI compatible MCMC capable

HEPfit version x.y installation from the tarball downloaded from the HEPfit website:

$ tar xvzf HEPfit -x.y.tar.gz

$ mkdir HEPfit -x.y/build

$ cd HEPfit -x.y/build

$ cmake .. -DLOCAL_INSTALL_ALL=ON -DMPIBAT=ON

$ make

$ make install

To run your first example:

$ cd examples/MonteCarloMode/

$ make

$ mpiexec -n 5 ./ analysis ../ config/StandardModel.conf MonteCarlo.conf

This is all you need for running a MCMC simulation on 5 cores with the model, parameters and

observables specified in the configuration files in examples/config directory with HEPfit. For

variations please read what follows.

Detailed Installation Instructions

Unpack the tarball containing the HEPfit version x.y source which you can obtain from the

HEPfit website. A directory called HEPfit-x.y will be created containing the source code. To

generate Makefiles, enter the source directory and run CMake:
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See code documentation for more options:  
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• log.txt: Info about convergence, check for problems, etc

SMEFT-Tools 2022 
Zürich, September 16, 2022
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• MonteCarlo_results.txt: Info about the fitted parameters

SMEFT-Tools 2022 
Zürich, September 16, 2022
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Running example: Output

• log.txt: Info about convergence, check for problems, etc

• MonteCarlo_results.txt: Info about the fitted parameters

• MCout.root: the whole output (histograms with info about posterior) in 
a .root file

SMEFT-Tools 2022 
Zürich, September 16, 2022
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• Observables/Statistics.txt: compilation of the statistics about the 
model parameters and observables included in the fit, correlations, etc

SMEFT-Tools 2022 
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• Observables/Statistics.txt: compilation of the statistics about the 
model parameters and observables included in the fit, correlations, etc

SMEFT-Tools 2022 
Zürich, September 16, 2022
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Abstract

LaTeX materials for the talks at the LHC Top WG meeting, June 16 2022
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1D and 2D marginal distributions, correlations between parameters and/or observables, etc
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Making it work…
Adding your own models/observables 
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• Check template in examples/myModel

• In myModel.h: 

Extend the SM (typically) or, if more convenient, 
the NPBase model, or the NPd6SMEFT model, …

Define number and variables for model 
parameters and get methods
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• In myModel.cpp: 

Assign names to parameters and link to variables

Link to parameter names to variables and values 
in the setParameter method

Adding your model and Observables to fit
1
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• Finally register the model in the “Model Factory”in 
myModel_MCMC.cpp: 

• Custom Observables do not depend on having a custom model 
or not. Defined as functions of parameters already defined in a HEPfit 
model, in a custom model or a combination of both

• Need to be added to the ThObsFactory, e.g. in 
myModel_MCMC.cpp

Require argument

Do not require extra arguments

Adding your model and Observables to fit
1
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•            provides a flexible framework for the calculation of observables and 
studies of indirect constraints on new physics using the large amount of data 
collected at the LHC and lower energy experiments
✓ Includes modules for the description of EFTs …
✓ … as well as other more specific BSM extensions/models
✓ User can extend default set of models/observables via external modules
✓ Flexibility in input format for construction of likelihoods → WiP: DNN 

likelihoods

• Current implementation (Developer’s version) includes (separate) SMEFT 
modules to describe EW/Higgs/diBoson, Top and Flavor physics:

✓ Ultimate goal: Global consistent EW/Higgs/Top/Flavor

• A lot of work in progress (in particular in the SMEFT)

✓ RGE evolution, extension of observables to NLO in SMEFT, …
✓ GeoSMEFT
✓ Complete the “interpretation” workflow chain by connecting the output of 

matching tools (      MatchMakereft) directly to 

Jorge de Blas 
University of Granada
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Matchmakereft: automated tree-level and one-loop matching

Adrián Carmona a,b, Achilleas Lazopoulos b, Pablo Olgoso a and José
Santiago a

a CAFPE and Departamento de F́ısica Teórica y del Cosmos, Universidad de Granada,
Campus de Fuentenueva, E–18071 Granada, Spain

b Institute for Theoretical Physics, ETZ Zürich, 8093 Zürich, Switzerland

Abstract

We introduce matchmakereft, a fully automated tool to compute the tree-
level and one-loop matching of arbitrary models onto arbitrary e↵ective theories.
Matchmakereft performs an o↵-shell matching, using diagrammatic methods and
the BFM when gauge theories are involved. The large redundancy inherent to the
o↵-shell matching together with explicit gauge invariance o↵ers a significant number
of non-trivial checks of the results provided. These results are given in the physical
basis but several intermediate results, including the matching in the Green basis
before and after canonical normalization, are given for flexibility and the possibility
of further cross-checks. As a non-trivial example we provide the complete matching
in the Warsaw basis up to one loop of an extension of the Standard Model with
a charge �1 vector-like lepton singlet. Matchmakereft has been built with gener-
ality, flexibility and e�ciency in mind. These ingredients allow matchmakereft to
have many applications beyond the matching between models and e↵ective theo-
ries. Some of these applications include the one-loop renormalization of arbitrary
theories (including the calculation of the one-loop renormalization group equations
for arbitrary theories); the translation between di↵erent Green bases for a fixed
e↵ective theory or the check of (o↵-shell) linear independence of the operators in an
e↵ective theory. All these applications are performed in a fully automated way by
matchmakereft.
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