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‣ Systematic parameterisation of the theory space in the vicinity of the SM 

‣ Low energy limit of generic UV-complete theories at high energies 

‣ Assumes the SM fields and symmetries  

‣ Can be matched to any BSM model that  
reduces to the SM at low energies

The Standard Model as an EFT
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‣ A Monte Carlo global analysis of the Standard Model Effective Field 
Theory: the top quark sector (2019) 

‣ Constraining the SMEFT with Bayesian reweighting (2019) 

‣ SMEFT analysis of VBS and diboson data from LHC Run II 

‣ Combined SMEFT interpretation of Higgs, diboson, and top quark 
data from the LHC (2021)

What is SMEFiT?
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[1901.05965]

[1906.05296]

[2105.00006]

[2101.03180]

"A flexible toolbox for global interpretations of 
particle physics data with EFTs”

[2302.06660]
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The SMEFiT framework

4

Theory Data

Fitting framework
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The SMEFiT framework
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Theory Data
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The SMEFiT framework
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Theory Data

p ( ⃗c |D)
Posterior
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The SMEFiT framework

7

Theory Data

p ( ⃗c |D)
Posterior

Validation
Extensive toolbox:  

PCA, Fisher info, closure tests,.. 



Tommaso Giani & Jaco ter Hoeve - Benasque - 04/10/23

SMEFiT2.0
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Theory
(N)NLO QCD + NLO EW for SM 

NLO QCD, linear and quadratics, 
with SMEFT@NLO

NNPDF4.0 no top PDF

Data

p ( ⃗c |D)
Posterior

Validation
Extensive toolbox:  

PCA, Fisher info, closure tests,.. 

Higgs data (signal strengths, diff, STXS), 
diboson LEP and LHC, top quark, VBS, 

Bhabha, Z pole, ,  αEW Br(W )

[2101.03180]
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https://github.com/LHCfitNikhef/smefit_release 

https://github.com/LHCfitNikhef/smefit_release
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‣ SMEFTsim is used for 
processes with SM-tree 
diagrams at LO 

‣ SMEFTatNLO used for process 
with SM-loop diagrams at LO 
(gg → H, gg → ZH, H → gg) 

‣ Predictions for EWPO in 
SMEFT derived from 
calculations 10.1007/JHEP 06 
(2021) 076 Corbett et al

σeft (c/Λ2) = σSM + ∑
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σ̃ LO/NLO
i

ci
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σ̃ LO/NLO
ij

ci cj
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Data Theory setting
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‣ Good agreement with ATLAS 
results 

‣ Small differences due to theory 
tables (full information not public)
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NS vs MC

‣ MC replica method will reproduce correct posteriors only in the case of 
linear EFT corrections 

‣ The effect is more serious for observables where quadratic EFT corrections 
dominates

Toy model showing 
some pitfall of MC 
method
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ℒ (μ) =
1

(2π)nbins det Vμ

exp (−
1
2

ΔμTV−1
μ Δμ)

Δμ = μ − ̂μ

Simplified likelihood

‣ For each datapoint a best value + covariance matrix is provided 

‣ Captures all the relevant statistical info measurement 

‣ No nuisance parameters 

‣ Publicly available
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Higgs measurements EW measurements

EWPO Constraint term of systematic effects
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Simplified likelihood

Full likelihood
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From Maeve Madigan @ 
(Re)interpretation of the LHC results 
for new physics

https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/


Tommaso Giani & Jaco ter Hoeve - Benasque - 04/10/23 17

From Maeve Madigan @ 
(Re)interpretation of the LHC results 
for new physics

‣ LHC Run1 Higgs data from ATLAS and 
CMS to constrain 5 dim-6 operators 

‣ Fits for individual CMS and ATLAS 
measurements result in weaker 
constraints 

‣ Some info is lost if full correlation is 
not taken into consideration

https://conference.ippp.dur.ac.uk/event/1178/
https://conference.ippp.dur.ac.uk/event/1178/
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•Publicly available on GitHub, together with documentation and examples 

•Modular structure makes it possible inclusion of new data/computation 

•Possible to include different likelihood functions  

•Two sampling algorithms are provided (NS and MC). Possible to add 
other ones 

•Report with basic statistical and visualisation tools is part of the code 

•We have tested the framework by reproducing smefit2.0 and ATLAS 
Higgs EFT results

SMEFiT

18



Tommaso Giani & Jaco ter Hoeve - Benasque - 04/10/23

1. Exact treatment of the EWPOs in the
 scheme 

‣ SMEFiT2.0 assumed infinite precision 
coming from LEP compared to LHC … 

‣ Treat on the same footing to enable future 
projections studies, UV-matching, …. 

2. Automatised constraints from UV matching 

3. Integration of ML-assisted unbinned 
observables 

{mW, mZ, GF}

Three recent SMEFiT updates

19

2309.04523 
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A preview

https://arxiv.org/abs/2309.04523
https://arxiv.org/abs/2211.02058
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‣ In the SMEFT, the SM couplings receive corrections from dim-6 operators 

‣ Approximation: assume measurements at LEP are precise enough to set 
the coupling shifts to zero: 14 constraints, 16 d.o.f 

‣ Exact: no hardwired constraints get imposed, treat EWPOs on same footing 
as (existing) LHC data: 14 extra d.o.f

1. From approximate to exact EWPOs

20
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Z pole observables Coupling shifts EFT theory tables
Expand 

1. From approximate to exact EWPOs
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Repeat for all EWPOs Increases the parameter space to 50 WCs

1. From approximate to exact EWPOs

+ LHC measurements sensitive to 
operators entering the EWPO 
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Repeat for all EWPOs Increases the parameter space to 50 WCs

1. From approximate to exact EWPOs

+ LHC measurements sensitive to 
operators entering the EWPO 
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‣ Carefully benchmarked against 
[1701.06424] by I. Brivio et al 

‣ 8/10 constrained directions in 
flavour universal scenario 

‣ 15/18 constrained directions with 
SMEFiT flavour assumptions:   

 in the quark 
sector and  in the 
lepton sector

U(2)q × U(2)u × U(3)d

(U(1)ℓ × U(1)e)3

24
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1. From approximate to exact EWPOs
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Automates the last missing step in the EFT programme from UV models 
to experimental constraints 
 

2. SMEFT assisted bounds via UV matching

25

1. Match a given UV model onto the SMEFT to express the Wilson 
coefficients    in terms of the UV parameters  at a scale   

2. Reparameterise the EFT cross-section  in terms of the UV 
parameters 

3. Assume a flat prior , and repeat global SMEFT  
analysis with matching relation  built in 

c g

σ

π(g)
f

c = f(g, μ)

σ(c) = σ( f(g, μ))

μ

The interface between Matchmakereft and 
SMEFiT is provided by a new Mathematica 

package Match2Fit
cφ□ =

1
2

k2
S

χ2(g)

See Alejo Rossia’s talk tomorrow afternoon!

2309.04523 

https://arxiv.org/abs/2309.04523
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4 fermion operators
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‣ Flexible pipeline: fit can be done for any user-defined model 

‣ We cover heavy scalars, fermions and bosons at tree-level and one-loop, both at 
LO and NLO QCD

2. SMEFT assisted bounds via UV matching
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Comparison to the Fitmaker group

27

[2012.02779]
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2. SMEFT assisted bounds via UV matching
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3. Optimal observables: ML4EFT

https://lhcfitnikhef.github.io/ML4EFT 
2211.02058 R. Gomez Ambrosio, JtH, M. Madigan, J. Rojo, V.Sanz

pip install ml4eft
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‣ Goal: provide optimal constraints on the SMEFT via 
likelihood learning 

‣ Diagnostic tool: what is the information loss incurred 
by a particular choice of bins? 

‣ Projections: how will SMEFT constraints improve if 
unbinned data are made available?

See tomorrow’s morning session!

L[g(x)] = −
1
N ∑

e∈𝒟EFT

we log(1 − g(xe)) −
1
N ∑

𝒟SM

we log g(xe)

https://lhcfitnikhef.github.io/ML4EFT
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Summary

29

‣ SMEFiT provides a flexible toolbox for global interpretations of 
particle physics data with EFTs 

‣ The SMEFiT framework has been extended with an exact EWPO 
implementation, leading to an unprecedented 50 d.o.f. 

‣ New state of the art EFT theory calculations have been adopted 

‣ SMEFiT now supports UV fits for any user-defined UV model 

‣ Unbinned observables enhance the sensitivity significantly
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Backup
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