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Four Top
A very rare process in the SM

o, ~13.4fb t

Challenges in theory and experiment

Tests our understanding of high-mass QCD

Multitude of decay channels

Only recently passing the thresholds for Evidence and Olbservation

-+ A probe for Top Yukawa, EF T measurements
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Rich Decay Landscape

Same-Sign dilepton (SSDL) and multiplepton (3+, ML)

Most sensitive channels

0 leptons
1 lepton

Major backgrounds: ttZ, ttW, ttH

Opposite-Sign Dilepton (OSDL), Single Lepton (SL)

> 3 |leptons

2 SS leptons

2 OS leptons

Major backgrounds: ttbb, ttjj (hon-b), ttH

- All Hadronic LNk

Major backgrounds: QCD multijet, ttbb, ttj)
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https://cms.cern/news/lhc-powerlifting-%E2%80%93-searching-simultaneous-production-four-times-most-massive-elementary
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General Search Strategy

Isolate decay channel of interest via lepton multiplicity

Reduce backgrounds via jet + b tag multiplicity cuts and Hr (signal: 4-12 hard jets)

Hr (significantly reduces lower-mass backgrounds) [JES/R]

D-tagging Is central to Isolating signal events
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General Search Strategy

Isolate decay channel of interest via lepton multiplicity

Reduce backgrounds via jet + b tag multiplicity cuts and Hr (signal: 4-12 hard jets)

Hr (significantly reduces lower-mass backgrounds) [JES/R]
D-tagging Is central to Isolating signal events

Subdivide into various regions (usually via the jet and b tag muilt.)

Perform simultaneous binned maximum likelihood fit of Ht or an MVA Classifier across
Signal Regions (SRs) and Control Regions (CRs)

Search
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Fvidence (ATLAS) - Run Il (2015-18)

SL + OSDL + SSDL + ML

SBDT Event Classifiers

JHEP 11 (2021) 118 Eur. Phys. J. C 80 (2020) 1085
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Summary
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o, compatible with SM

But measured above expectation in many channels
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Exciting region for novel background-estimation techniques, ML
event classifiers, simultaneous measurements, and seeing the
benefit of iImproved reconstruction techniques

Overlap with ttbb, ttH, ttW, ttZ, ttt measurements/searches

ATLAS+CMS Preliminary

s = 13 TeV, November 2023
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Summary
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o, compatible with SM

But measured above expectation in many channels

Challenging phase space, where measurement of the major

backgrounds are themselves frontier topics, and modeling is evolving

Exciting region for novel background-estimation techniques, ML
event classifiers, simultaneous measurements, and seeing the

benefit of iImproved reconstruction techniques
Overlap with ttbb, ttH, ttW, ttZ, ttt measurements/searches

More data coming @ 13.6 TeV
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EFT orere = Oy + 73 ) Ciol + 55 ) CiCioy

1<J

- 1ttt Is sensitive to several Dim-6 contact operators in the EFT framework

| | Operator Expected Cy/A* (TeV™?) Observed (TeV ™ ?)
- CMBS tttt search (2016 OSDL + SL) recasts tttt upper limit 0; 2.0, 1.8 2.1, 2.0
044 —2.0, 1.8 —2.2, 2.0]
O&t —3.3, 3.2] —3.5, 3.5]
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JHEP 11 (2019) 082

- ATLAS result parameterizes each GNN bin’s tttt contribution

- Set 95% CL upper limit on coefficients of the 4 sensitive terms individually (3 set to SM
= O for fit)
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Dedicated EFT searches contain tttt-enriched Signal Regions JH
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Measured cross sections and exclusion limits at 95% C.L.
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Overview of CMS cross section results
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See also:

All-Hadronic Background Estimation - ABCDnn normalising flows in ttt
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EFT

- Dedicated EFT Results contain tttt-enriched SRs

- Simultaneously fit 26 Wilson Coeffficients + NPs
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/1 or {5 is fromvirtual photon (v*) decay

¢, and /5 are not from photon conversion

¢1 or /5 isfrom photon conversion
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