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• BSM? 

• 3045 operators at dim-6:                                

SMEFT

2

New particles

New Interactions of SM particles 

Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653   

Grzadkowski et al arxiv:1008.4884 
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• SMEFT:   
• Gauge invariant 
• Higher-order corrections: renormalisable order 

by order in 1/Λ 

• Complete description-respecting SM symmetries 
• Model Independent

SMEFT for top quark physics
SMEFT Anomalous couplingsvs
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✔

✔

✔

✔
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Top-quark operators and how to look for them
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+four-fermion operators

see for example: Aguilar-Saavedra (arXiv:0811.3842)
                           Zhang and Willenbrock (arXiv:1008.3869)
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Top-quark operators and how to look for them

4

+four-fermion operators

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

Operators entering various processes: Global approach needed
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Going beyond LO
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Recent progress:  
• top pair production: Franzosi and Zhang (arxiv:1503.08841) 
• single top production: C. Zhang (arxiv:1601.06163) 
• ttZ/γ: O. Bylund, F. Maltoni, I. Tsinikos, EV, C. Zhang (arXiv:1601.08193) 
• ttH: F. Maltoni, EV, C. Zhang work in progress

• Need NLO to match the SM precision and experimental 
accuracy: SMEFT@NLO 
• Mixing between operators: anomalous dimension 

matrix: Alonso et al. arxiv:1312.2014 
• Additional operators at NLO: e.g. chromomagnetic 

dipole in single top

All within MadGraph5_aMC@NLO 
R2+UV counterterms: NLOCT Degrande (arxiv:1406.3030)
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First example: top-pair production
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Zhang and Franzosi 
arXiv:1503.08841

Limits on ctG/Λ2 using total 
cross section
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Top-pair+Z/γ
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Anomalous dimension matrix: 
OtW, OtB, OtG

arXiv:1601.08193
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Anomalous dimension matrix: 
OtW, OtB, OtG

Small contribution from OtW and OtB 
at O(1/Λ2) but large at O(1/Λ4)

arXiv:1601.08193
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Top-pair+Z/γ

7

Anomalous dimension matrix: 
OtW, OtB, OtG

Small contribution from OtW and OtB 
at O(1/Λ2) but large at O(1/Λ4)

How should we treat O(1/Λ4) terms? 

EFT condition satisfied 
To be checked on a case-by-case basis arXiv:1601.08193
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Differential distributions for tt+V

Using SM k-factors is not enoughLarge contribution at O(1/Λ4) 
rising with energy  

arXiv:1601.08193
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A sensitivity study
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arXiv:1601.08193

LHC measurements of ttV processes can 
set constraints on the Wilson coefficients 
See also: Schulze et al. arXiv:1404.1005, 
1501.05939, 1603.08911 in the anomalous 
coupling framework
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A sensitivity study

9

Chromomagnetic operator 
affecting all processes in 

the same way

arXiv:1601.08193

LHC measurements of ttV processes can 
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single top production
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Only one four-fermion contributing
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C. Zhang (arxiv:1601.06163) 
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single top production
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Only one four-fermion contributing

C. Zhang (arxiv:1601.06163) 

NLO corrections:  
• Impact on distributions 
• Impact on limits



E.Vryonidou

Top-operators in non-top final states
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LO but loop-induced 
Event generation possible in 

MG5_aMC@NLO 
Hirschi and Mattelaer (arxiv:

1507.00020)

Gluon-fusion contribution to HZ production 
affected by the operators changing gtt, ttZ 

and ttH             Additional information

No contributions from the electroweak 
dipole operators due to charge 

conjugation invariance
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Top pair+H
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preliminary

See also  
Degrande et al. arXiv:1205.1065  
Grojean et al. arXiv:1312.3317

Use with 1) ttH and 2) H+j to break degeneracy between 
operators 

+four fermion operators

F.Maltoni, EV, C. Zhang in preparation

ttH H, H+j
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Top operators in ttH and H+j 
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preliminary

Harder tails from dim-6 operators

F.Maltoni, EV, C. Zhang in preparation

Different operators 
different shapes

NLO smaller uncertainties, 
non-flat K-factors
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Towards global fits
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EFT only makes sense if we follow a global approach 
First work towards global fits: 
Buckley et al arxiv:1506.08845 and 1512.03360 
(N)NLO SM + LO EFT

Tevatron and LHC data 
Cross-sections and distributions  
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Outlook
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• SMEFT a consistent way to look for new interactions 
• Higher-order corrections needed to match SM precision 

and experimental accuracy 
• Progress in top-quark processes: pair production, 

single top, tt+V, tt+H 
• QCD corrections important both for total cross-sections 

and distributions: SM k-factors are not enough 
• Global fits results already available: important to include 

NLO predictions 



Thank you for your attention


