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Overview: from observation to interpretation

2023: tttt production observed with cross section > prediction sign of new physics?
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Event selection

m 2016-2018 data at \/s =13 TeV, corresponding to 138 fb™1
m multilepton channels: only 1/8 of total branching fraction, but small background contributions
m categorization optimized for each channel (¢*¢%, 3¢, 4¢) separately

m machine-learning discriminants for b tagging & lepton identification
= huge improvement over previous Run-2 searches (higher signal efficiency, higher background rejection)

same-sign 2{¢ channel 3¢ channel 4¢ channel
>2j, >1b, Hy>200 GeV >2j, >1b, Hy>200 GeV >2j, >1b
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>4j, >2b,
H1>280 GeV r
>6j or >3b <6j, <3b >3j, >2b <3j or <2b | | >1bmedium
7 — 7 ) 7 b
SR-2¢ CR-2(-45j2b CR—2€-23j1b] SR-3¢ CR-3(-2j1b CR-3(-Z SR-4¢ | CR-40-7

AT



BDT discriminant: tttt vs ttW/Z/H vs ttin ¢
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BDT discriminant: tttt vs ttW/Z/H vs tt in 3¢
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Fit observables: BDT score tttt

Events / 0.25 units
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6/17

138 fo- ' (13TeV)

L L
" CMS ¢ Data .tttt+ttt
Preliminary ™tV ttz 1
200 ttH MNP +CMID —
SR-28-tttt
" Postfit SM ] Other Totalunc. -
- Yukawa (k;=1.41, K;=0)
150 --Yukawa (ky=1, Ki=1) ]
100
50
0 :
— SM Yukawa — Prefit
N o L T Do
1. 0 lasisassssborececec iibman S f+ ................ * .............
05 ..... ‘ ........... e “‘|“‘ ..... ‘ ..... S
0 025 05 075 1
BDT score tttt
05 Nov 2025 Joscha Knolle: Four top quark interpretation

Events / 0.2 units

Ratio to data

———
- CMS

- Preliminary
- SR-30-tttt
Postfit SM

—
o)
O

—
N
(J'I

~
O
T | UL | UL | UL

T
)
5

138 fb" (13 TeV)
| T T T
¢ Data l tttt + ttt
B ttw ttZ
ttH B NP
[ Other Total unc.

Yukawa (k;=1.41, K;=0)
--Yukawa (Ky=1, Ky=1)

VAV VAV AV AV VAV AV VAVAY e = = o

Yukawa — Prefit

T T T | T T T | T T

[ R T RN R R
0.6 0.8 1
BDT score ttit

good signal vs
background
separation

tails pure in
SM-like tttt

= used for SM
and Yukawa fits

Institute of Experimental Particle Physics (ETP) A\‘(IT



Fit observables: scalar sum of jet p1 (HT)
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SM results: tttt vs tttW + tttq

m very small predicted ttt cross section:
o~2fbat NLO(QCD)+LO(EW)

m experimentally indistinguishable from tttt production
m atleast with the methods applied in this analysis

m nota bene: updated ttt samples w.r.t. observation paper
= now MG5_aMC®@NLO samples at NLO(QCD)

m affected by the same new physics as tttt production

Z/

— use combined tttt + ttt signal and evaluate new-physics
effect from all three processes in the following

8/17 05 Nov 2025 Joscha Knolle: Four top quark interpretation

fit with tttt and ttt freely floating

CMS Preliminary 138 fo! (13 TeV)
T " " T T T T T T 7]

550 Observed 20 o
= \ —68%CL - 95%cL | |18 E
£ 40 p=-0.98 | 416

114

30 12

| 110

20} s

; 6

10 4

: 2

0; 0

b 10 20 30
o (tft) [fb]

Institute of Experimental Particle Physics (ETP)

T



Yukawa coupling: setup

parameterization

expected sensitivity

my _ -
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Yukawa coupling: results

m CP-even modifier CP-odd modifier

CMS Preliminary 138fb~" (13 TeV) CMS Preliminary 138fb~1 (13 TeV) CMS Preliminary 138fb~1 (13 TeV)
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complementary to extraction from 95% CL: 0.8 <|x¢|<1.3 first time in tttt @ CMS

ttH measurements vs. |kt| <1.7 in EPJC 80 (2020) 75
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Heavy resonances: setup

cross section prediction fit distributions
6 top-philic heavy resonance models:

JHEP 09 (2021) 143 ' / TopHeavyRes _ C|NIS IS/mullen‘/o/;) Pre{/m/nalry 1?TeV - I ‘138f‘b‘1(15‘3TeV)
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m single-resonant production: 04 06 08 10 72 14 16 21 g
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Heavy resonances: results
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SMEFT: setup

C
LSMEFT = Lsm+ ) 129

i

four-heavy-quark operators
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including flat effect from cyy on ttH = simultaneous 6D fit
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SMEFT: results for four-heavy operators
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SMEFT: results for tH operators
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Summary
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interpretation of Run-2 tttt + ttt multilepton measurement in three new-physics scenarios

Yukawa extraction

CMS Preliminary ~ 138fo~! (13TeV)
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Outlook
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Extra material: Yukawa coupling

ttH parameterization expected result observed result
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Extra material: heavy resonances

21600-7¢-9249-SVd-SIND
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Extra material: SMEFT results

CMS

138fb~1 (13 TeV)
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Extra material: b tagging & lepton ID improvements

b tagging: DeepCSV — Deeplet electrons & muons: POG IDs — custom MVA ID

CMS-DP-2018-058 7 41.9 fb (13 TeV, 2017) CMS Simulation (13 TeV)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/BTV13TeV2017DeepJet
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-013/index.html

Extra material: more b tagging improvements

b tagging: ParticleNet Run-2 b tagging: CSVvl — UParT
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-24-018/index.html
https://cds.cern.ch/record/2904702
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