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HEPfit: INTRODUCTION

Basic ideas behind HEPfit: 
● combine state-of-the-art theoretical calculations and current 

experimental data to 
– perform a Bayesian fit of model parameters, i.e. obtain a numerical 

representation of the (joint) p.d.f of model parameters (and observables) 
given priors for parameters and exp. data  

– predict observables
– compare models using e.g. information criteria

for any model ⊇ Standard Model
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HEPfit: INTRODUCTION II
● Provide a flexible, open source tool written in C++, with 

different levels of usage possible:
– Full Bayesian fits with MCMC engine
– Likelihood calculation 
– Observable calculation

● Users can:
– add models
– add observables
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THE HEPfit FRAMEWORK

● HEPfit web page
● HEPfit documentation
● GitHub repository

https://hepfit.roma1.infn.it/
https://hepfit.roma1.infn.it/doc/latest-release/index.html
https://github.com/silvest/HEPfit
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GENERAL STRUCTURE
● Basic building blocks:

– Models, defined by a set of parameters (possibly correlated) and 
complemented by model-specific contributions to observables;

– Observables, defined by a theoretical prediction and possibly by an 
experimental likelihood which can be binned, multi-dimensional w. 
correlation, numerical…

– A parallel MCMC engine based on BAT and ROOT
– Everything coded from scratch and validated against other public 

codes
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MCMC example: EW FIT in SM & oblique

de Blas et al. 1710.05402

http://arxiv.org/abs/arXiv:1710.05402
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The SMEFT in HEPfit: the Model
● SMEFT in Warsaw basis with flavour universality almost 

fully implemented as a model:
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The SMEFT in HEPfit: the Model
● Work in progress:

– Implementation of (most) general flavour structure 

so far: some non-universality for EW, Higgs & B anomalies;
– Implementation of full SMEFT RG running (WET running 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; 



Luca Silvestrini 9

 

EFT WG Area 4 meeting,          
27/1/2021

The SMEFT in HEPfit: model-specific 
contributions to observables

● EWPO in a scheme
● Systematic translation to MW scheme (in progress)
● LEPII 
● Higgs signal strengths
● Dibosons (in progress)
● STXS (in progress) 
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The SMEFT in HEPfit: likelihoods
● Experimental likelihoods can currently be implemented as:

– Individual measurements with “exact” likelihood (Gaussian, …)
– 1D or 2D measurements with “numeric” likelihood (1D or 2D 

Histograms)
– Binned measurements with “exact” likelihood, including 

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

correlations



Luca Silvestrini 11

 

EFT WG Area 4 meeting,          
27/1/2021

The SMEFT in HEPfit: likelihoods
● Work in progress to implement full experimental likelihoods 

using the DNNLikelihood. Basic idea:
– Experiments publish full likelihood as a suitably trained DNN 

predictor
– DNN predictor used for likelihood evaluation in HEPfit

● Allows for implementation of all correlations and non-
Gaussianities

● Any other numeric likelihood scheme can be implemented   

Coccaro et al., '19

https://github.com/riccardotorre/DNNLikelihood
https://arxiv.org/abs/1911.03305
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The SMEFT in HEPfit: theory (and 
systematic) uncertainties

● Experimental systematic uncertainties implemented as any other 
uncertainty, including correlations;

● Same for “External” theoretical uncertainties, e.g. from 
calculation of EWPO; when distribution unspecified, try 
different distributions (flat, Gaussian, …)

● “Internal” theoretical uncertainties taken into account
– In-run, by varying e.g. as, matching scale, etc…
– A posteriori, e.g. by comparing results with or without quadratic terms
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The SMEFT in HEPfit: outputs
● The output of a successful MCMC run is a numerical approximation 

of the joint p.d.f. for model parameters and observables, 
represented as:
– Averages and correlations for all parameters;
– Averages (and correlations) for all (correlated) observables;
– 1D and 2D histograms and highest probability regions corresponding to 

1s, 2s, 3s, ;…
– Optionally, the full MCMC chains, useful for combination with more data;
– In progress: the corresponding DNNLikelihood
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CONCLUSION & OUTLOOK
● HEPfit is a public C++ code providing an ideal framework for 

Bayesian fits in the SMEFT
● It provides state-of-the-art calculations of EWPO and of 

several flavour and LHC observables; new observables are 
continuously added;

● The SMEFT implementation is being completed with a richer 
flavour structure and the inclusion of RG effects;
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CONCLUSION & OUTLOOK
● Any multi-dimensional analytic likelihood can be used;
● The DNNLikelihood is being implemented both as input and 

as output, allowing for the full exploitation of experimental 
results and for efficient reuse of fit results;

● Any other numerical likelihood parameterization can be 
readily implemented.
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