Four top quarks in SMEFT

Aoude, HF, Maltoni, Vryonidou, arXiv: 2208.04962

Hesham El Faham
University of Manchester

MANCHESTER
1824

The University of Manchester

LHCP, Belgrade 2023



Status

Top Quark Production Cross Section Measurements Status: November 2022
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SMEFT in a nutshell
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Top quark operators in SMEFT
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Pragmatic SMEFT
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Adapted from a slide by Eleni Vryonidou
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Global fits

Experimental
data

Theory

predictions

Bounds

Uncertainty

estimate



results

Global fits
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The SMEFiT Collaboration, arXiv: 2105.00006



Global fits: results
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Top Quark Production Cross Section Measurements Status: November 2022

B ATLAS Preliminary ]
—_— Theory

b 10° Fg Run1,22 v5=57,8,13 TeV E

v i

- __ 3 l

102 L N u LHC pp Vs=7 TeV 4

E v Lo} BBl Data 45-46fb! ]

7 LHC pp V5=8 TeV

‘ A Data 20.2 —20.3fb™!

10t — I

N LHC pp Vs =13 TeV

Bl Data 32-139fb!

Four tops in SMEFT B2 p g, -

Lol

Lol

A = H

107 o 5
Bl §

102

tt t tW t W ttZz ttH tty ty tZj/ 4t
t-chan s-chan fid. ¢+jets fid. ¢

tttt in SM ~
0.02 pb

10



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 SMEF'T for some operators”

- Aoude, HF, Maltoni, Vryonidou, arXiv: 2208.04962
“..we are being careful at SMEFT for all operators”

.. 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, ..]
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Four tops in SMEFT: interference
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Four tops in SMEFT: interference
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Four tops in SMEFT

4-heavy
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4-heavy
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Four tops in SMEFT
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4-heavy
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4-heavy
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Four tops finally observed!

ATLAS and CMS observe
simultaneous production of four top
quarks

The ATLAS and CMS collaborations have both observed the simultaneous production
of four top quarks, a rare phenomenon that could hold the key to physics beyond the
Standard Model

24 MARCH, 2023 | By NaomiDinmore

CMS Experifient at the LHC, CERN
Data recorded; 2018-Sep-07 02:15:53.337408 GMT
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Event displays of four-top-quark production from ATLAS (left) and CMS (right).
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Summary

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
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