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Signal models
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gA/Ht̄t gA/Ht̄t

Gluon fusion A/H→ t̄t
Previous work: JHEP 04 (2020) 171

To probe the extended Higgs sector.

Effective ηt model
Based on PRD 104, 034023 (2021)

NB: off-shell tops are allowed.

To approximate the 1S[1]0 toponium formation.
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https://arxiv.org/abs/1908.01115
https://arxiv.org/abs/2102.11281
https://higgstan.com/
https://indico.cern.ch/event/1376030/contributions/6140055/attachments/2951330/5189160/BSMHiggs-2024-HalilSaka.pdf
https://indico.cern.ch/event/1233341/contributions/5605265/


ℓj analysis selection
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ℓℓ analysis selection
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Background modelling
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FO pQCD top pair t̄t: most important
• NLO QCD reweighted to NNLO QCD + NLO EW
• Unc. on top Yukawa coupling through EW correction
• + standard th/ex NPs: mt , ME/PS scales, JECs. . .

Single top tX
• NLO QCD MC for all three modes
• t-channel important in ℓj, tW in ℓℓ

Other minor backgrounds
• ℓj: multijet QCD + EW in b-tag sideband CRs
• ℓℓ: NNLO Z/γ∗ → ℓℓ, NLO t̄tV, LO VV MCs



Signal event, maybe?
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Muon

Electron

b jets

/pT



One signal interpretation
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Att > A

No tt bound states
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CMSPreliminary 138 fb−1 (13 TeV)

95% CL exclusion, H =  2.0% mH
95% expected 
68% expected 
Median expected 

Observed 
Htt > H

No tt bound states

Interpretation Best-fit point Difference in −2 ln L
η t µ(η t) = 1.11 −86.2

Single A boson mA = 365 GeV, ΓA/mA = 2%, gAtt = 0.78 −72.6
Single H boson mH = 365 GeV, ΓH/mH = 2%, gHtt = 1.45 −10.4



Small and big peaks
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Parity scan
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Uncertainties
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Putting it together
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Extract the size of the excess under the effective ηt assumption

→ the most compatible one signal interpretation of the data

“Cross section” = difference between the data and the pQCD predictions:

σ(ηt) = 7.1± 0.8 pb
Cf. the NRQCD prediction [PRD 104, 034023 (2021)]: σ(ηt)pred = 6.43 pb

Interpret with caution: missing uncertainties, color octet initial states, radiation. . .

Please view the number as an experimental input to guide further theorybuilding

https://arxiv.org/abs/2102.11281


The Exotics – HIG-22-013 ℓℓ and combination team
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Left to right: Christian Schwanenberger, AA, Laurids Jeppe, Jonas Rübenach, Alexander Grohsjean
Dominic Stafford

Samuel Baxter

Jörn Bach



Thanks for your attention!
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