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SMEFT
New Interactions of SM particles 

Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653   
Grzadkowski et al arxiv:1008.4884 
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• Top EFT 
• Global top EFT fits
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Top-quark operators and how to look for them

+four-fermion operators 
+non-top operators (mixing)

see for example: Aguilar-Saavedra (arXiv:0811.3842)
                           Zhang and Willenbrock (arXiv:1008.3869)

Operators entering various processes: A strategy is needed
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Input from the LHCTopWG

Input from a lot of 
theorists

arXiv:1802.07237
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Top EFT note

Warsaw basis

3 scenarios with different 
flavour assumptions

Constraints from LHC, EWPO, 
indirect constraints

Public UFO implementations 
and benchmark results already 

given for LHC13

Separate discussion of FCNCarXiv:1802.07237
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Benchmark results for 13 TeV

arXiv:1802.07237

Results at 13 TeV for all 
degrees of freedom for 
each process including 
interference (1/Λ2) and 
squared terms (1/Λ4), 
interference between 
operators

https://feynrules.irmp.ucl.ac.be/wiki/dim6top

Public UFO for top EFT 
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What’s next?

Use the best SM 
predictions 

QCD/EW corrections

Use SMEFT to 
parametrise and look for 

deviations from SM 
predictions 

Need for 
precision also in 

SMEFT 

Need for precision 
calculations 

Automated tools 
for the EFT

Use as many experimental 
measurements as possible 
Cross-sections+differential 

distributions
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How can we improve EFT predictions?

Recent progress in top physics:  
• top pair Franzosi and Zhang (arxiv:1503.08841) 
• single top Zhang (arxiv:1601.06163), de Beurs, Laenen, Vreeswijk, EV (arXiv:1807.03576) 
• ttZ/γ Bylund, Maltoni, Tsinikos, EV, Zhang (arXiv:1601.08193) 
• ttH Maltoni, EV, Zhang (arXiv:1607.05330) 
• tZ/Hj Degrande, Maltoni, Mimasu, EV, Zhang (arXiv:1804.07773)

• SMEFT@NLO 
• Mixing between operators: anomalous dimension matrix: Jenkins et al 

arXiv:1308.2627,1310.4838, Alonso et al. 1312.2014 
• Additional operators at NLO: e.g. chromomagnetic dipole in single 

top production

All automated within MadGraph5_aMC@NLO 
R2+UV counterterms: NLOCT Degrande (arxiv:1406.3030)
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Towards a complete implementation@NLO
Based on:
• Warsaw basis 
• Degrees of freedom for top operators as in dim6top 
Current status:
• 73 degrees of freedom (top, Higgs, gauge):  

• CP-conserving 
• Flavour assumption: U(2)Q x U(2)u x U(3)d x U(3)L x U(3)e 

• Successful validation at LO with dim6top (in turn validated with 
SMEFTsim) 

• 0/2F@NLO operators validated (with previous partial NLO 
implementations)           http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO

• 4F@NLO operators validation: on-going 
Future plans
• Full NLO model release (4F@NLO) 
• Other flavour assumptions 
• CP-violating effects Work in progress with: 

C. Degrande, G. Durieux, F. Maltoni, K. Mimasu, C. Zhang
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• Top EFT 
• Global top EFT fits
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A global top fit@NLO

34 d.o.f. 
CP-conserving

Rich phenomenology

Hartland, Maltoni, Nocera, Rojo, Slade, EV and Zhang, arXiv:1901.05965
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Global fit Setup

Theory
(N)NLO QCD+ NLO EW for SM 

NLO QCD for SMEFT 
State-of-the-art PDFs without top data

Data
Top pair production and single top (differential) 

Associated production with W,Z,H 
W helicity fractions 

Parton-level  

Global SMEFT fit 
of the top-quark sector

Fit results can be used to bound 
specific UV complete models 

New data can be straightforwardly added 
Plan to extend to Higgs, gauge sector etc

Based on NNPDF 
Faithful uncertainty estimate 
Avoid under- and over-fitting 

Validated on pseudo-data (closure test)

Methodology Output
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Observables and theory predictions

Top-pair production 
W-helicities

Single top 
t-channel, s-

channel, tW, tZ

4 tops, ttbb, top-
pair associated 

production

Theoretical predictions

Baseline fit includes:  
• Best available SM predictions 
• NLO EFT predictions 
• O(1/Λ4) terms  One distribution from each dataset, 

to avoid double counting

Data
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Methodology

• Based on the MC replica method used by NNPDF for PDF fits 
• Construct sampling of the probability distribution in the data 

space. 
• Sampling of the probability distribution in the SMEFT space  by 

minimising the error function. 

• Cross validation to avoid over-fitting: for each replica, the data is 
randomly split with equal probability into the training and validation 
sets. The latter is monitored during the fit, to avoid over-fitting. 

• Closure test: feed pseudo-data generated with known EFT 
parameters to the fit, and ensure that the fit reproduces the correct 
parameters.
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Global top EFT fit@NLO 

First limits reported for some operators 
Improvement for some operators: e.g. OtG, O83qq, ObW 
Individual limits more stringent than marginalised ones

Hartland, Maltoni, Nocera, Rojo, Slade, EV and Zhang, arXiv:1901.05965
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Correlations between EFT coefficients

Strong (anti-)correlations between different operators (ignored 
by individual constraints) 
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Some considerations

• 1/Λ2 vs 1/Λ4 contributions 
• 1/Λ2  suppressed due to helicity Azatov et al arXiv:1607.05236 
• 1/Λ4 can be large for loosely constrained operator coefficients/strongly 

coupled theories 

• Validity of the EFT expansion: E<Λ 
• Ensure results are not dominated by high energy regions 
• report limits as a function of the max scale probed Contino et al arXiv:

1604.06444 

E<Λ satisfied but O(1/Λ4) large for large operator coefficients 
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Impact of higher-order terms
Fit allows to check the impact of NLO QCD corrections 
and of including the O(1/Λ4) terms  

Non-trivial impact of the two effects, can be different operator-
by-operator

Hartland, Maltoni, Nocera, Rojo, Slade, EV and Zhang, arXiv:1901.05965
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High-energy behaviour

mtt distribution (bins above 1 TeV) Use ytt as a check
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Summary & Outlook

• NLO SMEFT implementation: 
• Imminent release of SMEFT@NLO with 73 d.o.f’s  

• http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO 
• Extensively validated and user friendly 

• First application of the NLO implementation:  
• A global fit in the top sector 

• NLO SMEFT predictions 
• Wide range of LHC top data 
• Robust and reliable fitting procedure based on NNPDF 

methodology 
• Extension of the fit to include EWPO, Higgs, diboson, VBS data is 

straightforward and constitutes the next step 
• Fitting UV models a posteriori under study


