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Outline
Introduction; top quark in SMEFT and global fits

Two rare top quark processes in SMEFT

A glimpse of the future
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Status

- Top quark plays a special role in 
SM and beyond

- So far, no direct signs of beyond 
the SM physics → effective 
theories?

- Keep measuring rare processes
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Into effective field theories and SMEFT

Shutterstock 5



SM

Energy

EFT in a nutshell

Low 
Energy
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Assume W-boson mass is larger than all other scales...
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SM

Energy

Assume W-boson mass is larger than all other scales...

‘I have no idea what is 
going on here. I will call 
it v.’EFT in a nutshell

Low 
Energy
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UV

Energy

Assume new physics is larger than all other scales...

SMEFT in a nutshell

SMEFT
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UV

Energy

SMEFT in a nutshell

SMEFT

UV physics projected onto the 
low-energy dynamics
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Assume new physics is larger than all other scales...



UV physics projected onto the 
low-energy dynamics

UV

Energy

‘We have no idea what is 
going on here. We will 
call it c/Λ2.’SMEFT in a nutshell

SMEFT
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Assume new physics is larger than all other scales...



Top quark operators in SMEFT

By Ken Mimasu
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Pragmatic SMEFT 

Adapted from a slide by Eleni Vryonidou

To constraint 
SMEFT, we need 
fits..
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https://indico.in2p3.fr/event/29681/contributions/122570/attachments/76711/111328/01-EVryonidou-v1.pdf


Global fits: introduction
The ultimate motivation for doing SMEFT

It is complicated; high-dimensional parameter space leading from a 
few to hundreds of coefficients to be constrained
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Theory 
predictions

Experimental 
data

Uncertainty 
estimate

Bounds

Global fits: introduction
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Theory 
predictions

Experimental 
data

Uncertainty 
estimate

Bounds

Global fits: tools [non-exhaustive]

Fitmaker
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Global fits: results

The SMEFiT Collaboration, arXiv: 2105.00006 18



Global fits: results

The SMEFiT Collaboration, arXiv: 2105.00006 19

Can we do something about four-fermions?



Four tops in SMEFT
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Four tops in SMEFT
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tttt in SM ~ 
0.02 pb



Be careful when doing four tops
- Cao, Chen, Liu, arXiv: 1602.01934

“.. be careful at LO SM”

- Frederix, Pagani, Zaro, arXiv: 1711.02116
“.. be careful at NLO SM”

- Degrande, Durieux, Maltoni, Mimasu, Vryonidou, Zhang, arXiv: 2008.11743
“.. be careful at SMEFT for some operators”

- Aoude, HF, Maltoni, Vryonidou, arXiv: 2208.04962
“..we are being careful at SMEFT for all operators”
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.. and a lot of other work considering four-fermion operators/ four tops in SMEFT [arXiv:1010.6304, 1708.05928, 
1903.07725, 2010.05915, 2104.09512, ..]



Four tops in SMEFT: interference 
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Interference



Four tops in SMEFT: interference 
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Interference

Degrande, Durieux, Maltoni, Mimasu, Vryonidou, Zhang, arXiv: 2008.11743



Four tops in SMEFT

Electroweak contributions are important Aoude, HF, Maltoni, Vryonidou, arXiv: 2208.04962

25



Four tops in SMEFT

Electroweak contributions are important 

Aoude, HF, Maltoni, Vryonidou, arXiv: 2208.04962
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Four tops in SMEFT

Electroweak contributions are important 

Aoude, HF, Maltoni, Vryonidou, arXiv: 2208.04962

sub-leading Aoude, HF, Maltoni, Vryonidou, arXiv: 2208.04962
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Four tops in SMEFT

- Differential information is important
Aoude, HF, Maltoni, Vryonidou, arXiv: 2208.04962
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Four tops in SMEFT

- Differential information is important
- FCC-hh provides a good handle Aoude, HF, Maltoni, Vryonidou, arXiv: 2208.04962
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Four-fermion in SMEFT: one loop in top pair

30
Degrande, Durieux, Maltoni, Mimasu, Vryonidou, Zhang, arXiv: 2008.11743



Four-fermion in SMEFT: one loop in single H 

H data bounds are competitive with ones from top

Alasfar, Blas, Gröber, arXiv:2202.02333
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Four tops finally observed!

6.1𝜎

5.5𝜎

arXiv:2303.15061

CMS-PAS-TOP-22-013
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The SMEFiT Collaboration, arXiv: 2105.00006 33

Can we do something about two-fermions?

Global fits: results



tWZ in SMEFT
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tWZ in SM 
~ 0.1 pb



tWZ in SMEFT: introduction
- tWZ in SMEFT can induce some energy 

growth due to unitarity violating 
behaviour → new physics effects? [Maltoni, 
Mantani, Mimasu arXiv:1904.05637]

- tWZ at NLO in QCD is complicated..

How to get to this plot?
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HF, Maltoni, Mimasu, Zaro, arXiv: 2111.03080

NLO 

High-energy region

https://arxiv.org/abs/2111.03080


tWZ at NLO in QCD; problem..
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tWZ at NLO in QCD; problem..

Overlap!

37

The resonant structure spoils the perturbative NLO expansion, we 
have to deal with the overlap



Looking for genuine NLO tWZ in the SM

HF, Maltoni, Mimasu, Zaro, arXiv: 2111.03080

soft hard

Vetoing hard b-quarks significantly suppresses 
contributions from resonant diagrams
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https://arxiv.org/abs/2111.03080


tWZ in SMEFT

Charged current operator Neutral current operators Dipoles Gluon-top
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Looking for genuine NLO tWZ in the SMEFT

HF, Maltoni, Mimasu, Zaro, arXiv: 2111.03080

Relative stable 
impacts under NLO 
in QCD 
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https://arxiv.org/abs/2111.03080


Looking for genuine NLO tWZ in the SMEFT

HF, Maltoni, Mimasu, Zaro, arXiv: 2111.03080

Relative stable 
impacts under NLO 
in QCD 
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The b-veto method is promising for 
measuring tWZ in the SM and SMEFT

https://arxiv.org/abs/2111.03080


A glimpse of the future
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A glimpse of the future [theory perspective]
- EFT predictions with higher-level of accuracy

- Higher order in EFT, e.g. squared dim-6, double insertions of 
dim-6, dim-8

- Higher order in QCD and EW
- Including renormalisation group equations (RGE) effects

- More SMEFT operators, e.g. different flavour assumptions
- More observables, e.g. spin correlations, etc.
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EFT at higher orders in QCD and EW
Tree-level(SMEFTsim); https://smeftsim.github.io/

[Brivio, arXiv: 2012.11343]

NLO in QCD(SMEFT@NLO); 
http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO

[Degrande, Durieux, Maltoni, Mimasu, Vryonidou, Zhang,  arXiv: 2008.11743]

NLO in EW; Sudakov EW approximation in SMEFT is an ongoing effort

[HF, Mimasu, Pagani, Severi, Vryonidou, Zaro, work in progress]
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https://smeftsim.github.io/
http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO


EFT including RGE effects

[Jenkins et al., arXiv:1308.2627, 1310.4838] [Alonso et al., arXiv: 1312.2014]

- Observables are typically associated to specific energy scales

- RG Equations (RGE) account for different natural scales of different processes

→ RG evolution is known at dim-6

Recently implemented in MG5 
[Aoude, Maltoni, Mattelaer, Severi, Vryonidou, arXiv:2212.05067]
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EFT including RGE effects

Aoude, Maltoni, Mattelaer, Severi, Vryonidou, arXiv:2212.05067 46



Conclusion 

47

- SMEFT is a powerful tool to look for new physics 
- Global fits are the ultimate goal, and are always looking for new data
- Studying rare processes in SMEFT encourages their measurements 

and incorporation into EFT frameworks
- Higgs and top-sectors are strongly connected
- Precise EFT predictions is key to better constraint SMEFT; an 

ongoing effort (RGE-improved and EW higher-order predictions)


