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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 3



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...



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..

6

https://indico.in2p3.fr/event/29681/contributions/122570/attachments/76711/111328/01-EVryonidou-v1.pdf


Theory 
predictions

Experimental 
data

Uncertainty 
estimate

Bounds

Global fits
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Global fits: results

The SMEFiT Collaboration, arXiv: 2105.00006 8



Global fits: results

The SMEFiT Collaboration, arXiv: 2105.00006 9

Can we do something about four-fermions?



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
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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 tops finally observed!

6.1𝜎

5.5𝜎

arXiv:2303.15061

CMS-PAS-TOP-22-013
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Summary 
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- SMEFT is a tool to parametrise and constrain potential new physics systematically

- Four top quark production is a rare process with exciting features for new physics 

scenarios 

- Four tops with SMEFT insertions requires considering predictions with sub-leading 

orders in the strong coupling

- Differential information can provide a firm handle on SMEFT bounds for four-fermion 

operators, also FCC-hh energies

- Four tops has been finally observed


