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1-Higgs-Singlet Model

e 1HSM is a minimal extension of the Standard Model with one
extra scalar Higgs.
e Minimal extension of SM with two physical scalar bosons.
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e s is the additional real singlet scalar with mass M, which
mixes with the Higgs doublet ¢

e )\, \; and Ay are quartic couplings.
A>0, A1 >0 and Ay = =2V

e Trilinear couplings p; and uo can be either positive or negative,
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1-Higgs-Singlet Model

o After EW symmetry-breaking (unitary gauge),
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Feynman Diagrams [Banfi et al., 2023

e QCD Background: |[Mqcp|?
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Representative LO contribution to QCD background

o Higgs Signal: |[My, >+ [Mp,|* + 2Re(/\/l;';1/\/lh2)

LO contribution to signal
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Higgs-QCD Interference: 2Re (M}, + M, )Macp)
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Representative NLO contribution to interference
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Differential Cross Section

pp (= {h1,hy}) = tH+ X at NLO, 1HSM (6;)
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Differential cross section of pp (— hy, he) — tt + X as a function of M,;
at NLO (6;) [Banfi et al., '23]
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Differential Cross Section

pp (= {h1,he}) — tt+ X at NLO, 1HSM (6,)
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Sensitivity to BSM Effects
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continuum background [Banfi et al., '23]
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Sensitivity to BSM Effects
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Differential distributions in M for the combined Higgs contribution
(signal and interference) [Banfi et al., ’23]
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The Pseudoscalar

e CP: A(t,x) = —A(t,—x)

o The 2-Higgs-Doublet Model (2HDM) and the Minimal
Supersymmetric Standard Model (MSSM) require five scalar
Higgs Bosons, H, h, A and H*.

e Its fermion coupling has the form £ D iyaf7°f (as opposed to
LD —ygHff in case of the Higgs).

e The amplitude for its production in gluon-gluon fusion is
M (99 = A) = 0upopTph X Fiya(s,m7, i)

o Filo(r) =22

o My < my :>./_'.1A>2—)2
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Spin Correlation

e Spin-density matrices can be constructed from spin-correlated
matrix elements.

M2 = [CF| x ! x e, B mIap (Lt 5™
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/ /
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e The phase space can be reweighted to include spin correlation.
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Spin Correlation
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Differential cross section of pp — H — tf +Decays at LO in a function of M(Z+, £7)

e The SM signal at LO has been validated against
MadGraph5_aMC@NLO at the differential level.

e Currently working on producing results at NLO in 1HSM as
well as with A.

e Would love to receive inputs regarding observables that are of

special experimental interest!
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clusion Contours
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e Phenomenological predictions for top-quark pair production in
1HSM at LO and NLO have been made in [Banfi et al., 2023].

e Inclusion of decays and parton showers gets us closer to a ‘full
simulation’ of the real-world collider phenomena.

e We have validated gg — A — tt at LO as well as the two-loop
form factor for the process against existing results.

e We are working on including spin correlation in decays at NLO
as well as non-factorisable corrections.

e We aim to produce exclusion contours that provide inputs to
experimental searches of the heavy Higgs Boson and A.
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Thank you!
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