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2023: tt̄tt̄ production observed
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sign of new physics?

top quark Yukawa coupling
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Overview: from observation to interpretation

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-013/index.html
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same-sign 2� channel 3� channel 4� channel

2016–2018 data at
√
s= 13TeV, corresponding to 138 fb–1

multilepton channels: only 1/8 of total branching fraction, but small background contributions
categorization optimized for each channel (`±`±, 3`, 4`) separately
machine-learning discriminants for b tagging & lepton identification
⇒ huge improvement over previous Run-2 searches (higher signal efficiency, higher background rejection)

3/17 05 Nov 2025 Joscha Knolle: Four top quark interpretation Institute of Experimental Particle Physics (ETP)

Event selection
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BDT discriminant: tt̄tt̄ vs tt̄W/Z/H vs tt̄ in `±`±
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BDT discriminant: tt̄tt̄ vs tt̄W/Z/H vs tt̄ in 3`
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Fit observables: BDT score tt̄tt̄
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Fit observables: scalar sum of jet pT (HT)



very small predicted ttt cross section:
σ≈2 fb at NLO(QCD)+LO(EW)

experimentally indistinguishable from tt̄tt̄ production
at least with themethods applied in this analysis

nota bene: updated ttt samples w.r.t. observation paper
⇒ nowMG5_aMC@NLO samples at NLO(QCD)
affected by the same new physics as tt̄tt̄ production
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⇒ use combined tt̄tt̄ + ttt signal and evaluate new-physics
effect from all three processes in the following
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SM results: tt̄tt̄ vs tttW+ tttq
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Yukawa coupling: setup



2D scan
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Yukawa coupling: results

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-003/index.html


6 top-philic heavy resonancemodels:
JHEP 09 (2021) 143� / TopHeavyRes �

[ Scalar or Pseudoscalar or Vector ]
× [ color singlet (1) or octet (8) ]
mass: 400GeV–1.6TeV in
200GeV steps
coupling (y or g) to top quarks
decay width fixed to 10GeV
⇒ narrow resonances
LO samples (interference + pure
resonant), added to SMNLO
single-resonant production:
pp→ tt̄X→ tt̄tt̄, pp→ tX→ ttt

double-resonant production:
pp→X8X8→ tt̄tt̄

cross section prediction
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Heavy resonances: setup

http://arxiv.org/abs/2104.09512
https://feynrules.irmp.ucl.ac.be/wiki/TopHeavyRes


0.4 0.6 0.8 1.0 1.2 1.4 1.6
mS1 [TeV]

0.2

0.4

0.6

0.8

1.0

1.2

1.4

y 1
S

138 fb 1 (13 TeV)CMSPreliminary
95% expected
68% expected
Median expected

Observed
(S1 tt) > 10 GeV

S1

0.4 0.6 0.8 1.0 1.2 1.4 1.6
mS8 [TeV]

0.0

0.1

0.2

0.3

0.4

0.5y 8
S

138 fb 1 (13 TeV)CMSPreliminary

95% expected
68% expected
Median expected

Observed
(S8 tt) > 10 GeV

S8

0.4 0.6 0.8 1.0 1.2 1.4 1.6
mP1 [TeV]

0.2

0.4

0.6

0.8

1.0

1.2y 1
P

138 fb 1 (13 TeV)CMSPreliminary
95% expected
68% expected
Median expected
Observed
(P1 tt) > 10 GeV

P1

0.4 0.6 0.8 1.0 1.2 1.4 1.6
mP8 [TeV]

0.0

0.1

0.2

0.3

0.4

0.5

y 8
P

138 fb 1 (13 TeV)CMSPreliminary

95% expected
68% expected
Median expected

Observed
(P8 tt) > 10 GeV

P8

0.4 0.6 0.8 1.0 1.2 1.4 1.6
mV1 [TeV]

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

g 1

138 fb 1 (13 TeV)CMSPreliminary

95% expected
68% expected
Median expected

Observed
(V1 tt) > 10 GeV

V1

0.4 0.6 0.8 1.0 1.2 1.4 1.6
mV8 [TeV]

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

g 8

138 fb 1 (13 TeV)CMSPreliminary
95% expected
68% expected
Median expected
Observed
(V8 tt) > 10 GeV

V8

12/17 05 Nov 2025 Joscha Knolle: Four top quark interpretation Institute of Experimental Particle Physics (ETP)

Heavy resonances: results



LSMEFT = LSM +
∑
i

ci
Λ2

Qi

four-heavy-quark operators

ctt
(
t̄γµt

)(
t̄γµt

)
c(1)QQ

(
Q̄γµQ

)(
Q̄γµQ

)
c(1)Qt

(
Q̄γµQ

)(
t̄γµt

)
c(8)Qt

(
Q̄TaγµQ

)(
t̄Taγµt

)
⇒ affect tt̄tt̄ & ttt, unique sensitivity

top–Higgs operators

cRetH , c
Im
tH

(
H†H

)(
Q̄H̃t

)
⇒ affect tt̄tt̄ & ttt, but also tt̄H

parameterization

evaluate linear+quadratic
dependency from LO samples

[TeV]TH

0.5

1

1.5

2

2.5

3

S
M

E
F

T
/S

M

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

= 1ttc = 1(1)
QQ
c

= 1(1)
Qt
c = 1(8)

Qt
c

= 10Re
tH
c = 10Im

tH
c

CMS
Simulation
Preliminary

(13 TeV)-1138 fb

SR-2ℓ-ttt̄t ̄

including flat effect from ctH on tt̄H

fit distribution

0

50

100

150

Ev
en

ts
 / 

bi
n

138 fb 1 (13 TeV)

CMS
Preliminary
SR-2 -tttt
Prefit

Data
ttW
ttH
Other

tttt + ttt
ttZ
NP + CMID
Total unc.

SMEFT (ctt = 1) × 10
SMEFT (c(1)

Qt = 1) × 10
SMEFT (c(8)

Qt = 1) × 200
SMEFT (cRe

tH = 10) × 10

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
HT [TeV]

0.5
1.0
1.5

R
at

io
 to

 d
at

a SM ctt = 1 c(1)
Qt = 1 c(8)

Qt = 1 cRe
tH = 10

⇒ simultaneous 6D fit

13/17 05 Nov 2025 Joscha Knolle: Four top quark interpretation Institute of Experimental Particle Physics (ETP)

SMEFT: setup
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SMEFT: results for four-heavy operators
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SMEFT: results for tH operators



interpretation of Run-2 tt̄tt̄ + ttt multileptonmeasurement in three new-physics scenarios

Yukawa extraction
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Summary

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

https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults


tt̄H parameterization
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Extramaterial: Yukawa coupling

http://arxiv.org/abs/1901.04567


ttt cross section
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Extramaterial: heavy resonances

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-24-009/index.html
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Extramaterial: SMEFT results



b tagging: DeepCSV−→DeepJet

b jet efficiency
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Extramaterial: b tagging& lepton ID improvements

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


b tagging: ParticleNet Run-2
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b tagging: CSVv1−→UParT
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Extramaterial: more b tagging improvements

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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