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Why tttt and ttt?

heaviest observed QCD process sensitive to heavy NP
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Experimental signature of tttt and ttt

branching fractions of tttt decay channels:

017t “multilepton” analysis: 2SS, 3¢, 4¢
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2[0S0ty
m precise e, Y reconstruction, good fake suppression
m small branching ratio, but least backgrounds

= tttt with >50 achieved in this channel

2008, 14, 0¢ analysis

m largest branching ratio, but huge tt+jets background

m hadronic T reconstruction less efficient than e, p
m unique sensitivity to 3rd-generation NP
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CMS-PAS-TOP-24-017 &

tttt in 7, events: Analysis
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N; 2 &4, N, > 2, Hy > 200 GeV
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m binary BDT tttt vs. background, for each SR, using kinematic properties and b-tagging information
m fake 1, and fake £ background estimated from data; dominant MC backgrounds: , , ttW/ttz

BDT score bin
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tttt in 7, events: Results

tttt cross section VLL exclusion limits

CMS Preliminary 138 b1 (13 TeV) CMS Preliminary 138 fb~1 (13 TeV)
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i .18 : : .. m 4321 model: VLLs coupled to
m best-fit cross section: 16 4t fb, consistent with SM prediction 3rd-generation fermions, e.g.:

m sensitivity driven by 11,,2¢ channel pp — EN — b(tv,)t(bT)

m limited by statistical uncertainty; leading systematics: ttbb modeling m dedicated BDTs trained for signal vs

SM backgrounds (including tttt)
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ttt search: Multilepton analysis
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- - . . > >
— define tttt CR m common selection: N; 2 3, Ny 2 1, Hy > 250 GeV
m 2nd BDT: ttt vs. bkg (no tttt) m JOEEERITD & fELERY backgrounds estimated from data

— SR discriminant m dominant MC backgrounds (besides tttt): ttW and [ttZ
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ttt search: Single-lepton analysis & results
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m 1st NN: hadronic top tagger — split into =0 and =1 regions .
. . m upper limit: 12 x SM (95% CL)
m 2nd NN: separate ttt signal from [tt background

m 3rd NN: predict [tt shape; normalization with ABCD method
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tttt + ttt multilepton interpretation: Setup
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tttt + ttt multilepton interpretation: Results

SMEFT operators topphilic heavy resonances Yukawa coupling modifiers

CMS Preliminary 138 fb~' (13 TeV) CMS Preliminary 138 fb~1 (13 TeV) CMS Preliminary 138fb~' (13 TeV)
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m six considered models: -2 -1 0 1 2

C(1)
QQ
m four-heavy-quark operators:
1 1 8
Cees Clio Cts
m top-Higgs operators: CR¢, (I

K
(scalar, pseudoscalar, vector) t

x (color singlet or octet)
m mass range: 400 GeV to 1.6 TeV
m narrow resonances: [ = 10 GeV

m 1D: 0.8 < |K;| < 1.3 (95% CL)

m 2D: CP-even or CP-odd both
possible
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Summary

tttt measured in (almost) all possible final states first dedicated ttt search

138 fb~! (13 TeV)
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Outlook: Run 3!
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Backup: Differential observables optimized with ML

Optimal Observable Machine (Mohr, JA, et al., 2601.08813) &
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simultaneously optimize generator-level and detector-level observable for best
sensitivity to POI, including systematic uncertainties; e.g. could be applied to:

m separate ttt from tttt, but can unfold both processes together
m optimal sensitivity to EFT operator, and easy to use in reinterpretation
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Backup: tttt in T, events
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Backup: tttt in 7, events
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Backup: ttt search
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CMS-PAS-TOP-24-006 =
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Backup: ttt search
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Backup: tttt + ttt multilepton analysis

PLB 847 (2023) 138290

m 2016-2018 data at /s =13 TeV, corresponding to 138 fb™

same-sign 2{ channel 3¢ channel 4¢ channel
>2j, >1b, Hy>200 GeV >2j, >1b, Hy>200 GeV >2j, >1b
>4j, >2b, Hr>280 GeV fails one of =0 Z candidate =1 Z cand. =0 Z cand. =1 Z cand.
>4j, >2b,
H1>280 GeV r
>6j or >3b <6j, <3b >3j, >2b <3j or <2b | | >1bmedium
7 — 7 ) 7 | l
SR-2¢ CR-2(-45j2b CR—2€-23j1b] SR-3¢ CR-3(-2j1b CR-3(-Z [ SR-4¢ ] [ CR-4(-Z ]

m multilepton channels: only 1/8 of total branching fraction, but small background contributions
m categorization optimized for each channel (£¢*, 3%, 4f) separately

m machine-learning discriminants for b tagging & lepton identification

= huge improvement over previous Run-2 searches (higher signal efficiency, higher background rejection)
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Backup: tttt + ttt multilepton analysis
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Backup: tttt + ttt multilepton analysis
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Backup: Yukawa coupling

expected sensitivity

parameterization

CMS Simulation Preliminary (13TeV) CMS Preliminary ~ 138fb=" (13TeV)
IR L
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I’I ] 0} _

diagrams like:

8
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. t i 'Y //,,,Q / i o o i
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SM prediction (k=1, k=0) ttt sign dependence = stronger &, limits at k, < 0 compared to >0

21/1 27 May 2026 Joscha Ahauser: 3top and 4top at CMS Institute of Experimental Particle Physics (ETP) A\‘(IT


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-008

CMS-PAS-TOP-24-008 &

Backup: Yukawa coupling

CMS Preliminary 138fb~" (13 TeV) CMS Preliminary 138fb~1 (13 TeV) CMS Preliminary 138fb~1 (13 TeV)
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Backup: Heavy resonances

cross section prediction fit distributions
6 top-philic heavy resonance models:
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pp — X — thtt, pp — tX — ttt my [TeV] _% 0.5 v e
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Backup: Heavy resonances
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Backup: SMEFT

C.
Lsmerr = Lsm + Z A—lZQ
i

four-heavy-quark operators

o (ty, t)(ty )
cad (Qv,Q)(Qv*qQ)
ot (Qv,Q)(tr*t)

(AT, Q)(ET YY)

= affect tttt & ttt, unique sensitivity

top-Higgs operators

cRe cim (H'H)(QHt)

= affect tttt & ttt, but also ttH
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parameterization

evaluate linear+quadratic
dependency from LO samples
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fit distribution
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Backup: SMEFT

CMS Preliminary  138fb~! (13 TeV)
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Backup: SMEFT
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Backup: b tagging & lepton ID improvements

b tagging: DeepCSV — Deep)et

electrons & muons: POG IDs — custom MVA ID

41.9 fb‘l (13 TeV, 2017)
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CMS Simulation (13 TeV)
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Backup: more b tagging improvements

b tagging: ParticleNet Run-2 b tagging: CSVv1 — UParT
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