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Why we should search for additional Higgs bosons ???

e The Higgs mechanism of the SM is the most simple solution to establish
electroweak symmetry breaking (EWSB)

o Many reasons for a non-minimal Higgs sector

e An extended Higgs sector can solve some of the problems the SM fails to answer:
m Provide new sources of CP violation
m Enhance vacuum stability.
m Provide a dark matter candidate.
m Provide a solution to the strong CP problem (= axion)

e Models of new physics beyond the SM often require additional scalar Higgs states:

m Two Higgs doublets are required in the minimal supersymmetric extension of the SM
(MSSM)

m Higgs triplets are required in models with a type-l or type-ll seesaw mechanism



How do we typically search for additional Higgs bosons ???

e Perform a quasi model-independent search for a bump on top of a
falling invariant mass distribution
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How do we find the resonance in complicated final states ?7??

e Form,>m,, charge Higgs bosons are (for the
most common extended Higgs sector models)
dominantly produced in association with a top and
bottom quark

o Leads to complicated final states with charged
leptons, neutrinos and several (heavy-flavour) jets
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Presenting results for a first search for H* — Wh decays [JHEP 02 (2025) 143] 4


https://link.springer.com/article/10.1007/JHEP02(2025)143

How do we find the resonance in complicated final states ?7??

Fraction of events / 80 GeV

Train machine learning (ML) algorithm to identify
the correct pairing of final state particles

o Input features are angles between the various physics
objects and invariant masses of pairs of particles
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~—~—_ ML technique performs quite well in

reconstructing the signal process


https://link.springer.com/article/10.1007/JHEP02(2025)143

Results
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https://link.springer.com/article/10.1007/JHEP02(2025)143
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Extended Higgs sector

2 Higgs doublets (i.e. 2HDM) EWSE . hH,A H
e Relevant model parameters:
o  Mixing angle a between neutral states Phys.Rev.D 67 (2003) 075019

o tan B (ratio of VEVs)
o Masses:m,m,m, m,,

e Alignment limit: sin(B - a) ~ 1 implies that the couplings of his
like SM Higgs boson
o form,=125GeV the alignment limit is cos(B - a) ~ 1

e Define different types of 2HDMs:

o Type I All fermions couple to the same Higgs doublet.

o Type lI: One Higgs doublet couples to up-type quarks and the
other one couples to down-type quarks and charged leptons.

o Lepton-specific: One Higgs doublet couples to leptons and
the other one couples to up- and down-type quarks.

o Flipped: One Higgs doublet couples to down-type quarks and
the other one couples to up-type quarks and leptons.


https://arxiv.org/abs/hep-ph/0207010
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