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Motivation

SM fails to explain phenomena like
. Dark matter and dark energy
- Matter-antimatter asymmetry

. Strong CP problem and some other
phenomena

Extended Higgs sector provides some answers
.- Dark matter candidate
- Additional sources of CP violation
Some popular extensions
- Extra scalar singlets
- Extra doublets
. Triplets, ...

Large portion of parameter space can be tested
at LHC

Origin of EWSB?

Thermal History of
Universe

Naturalness

Fundamental
or Composite?

Is it unique?

Origin of Flavor?

Higgs Portal
to Hidden Sectors?

Stability of Universe

CPV and
Baryogenesis

Origin of masses?

source


https://arxiv.org/pdf/2209.07510

Extended Higgs Sector Models

Additional Singlet

Simplest extension, S: real singlet
scalar

Higgs portal — connection to dark
sector

Free parameters: mass of S, mixing
angle a

Couplings inherited from SM Higgs
suppressed by sin o

Additional Singlet + Doublet

. 2HDM extended with a complex singlet

. Additional CP-odd/even scalars wrt

2HDM

Example: next-to-minimal
supersymmetric SM (NMSSM)

source

Additional Doublet

- Two Higgs Doublet Models (2HDM):

additional SU(2) doublet
Required by SUSY

Free parameters: masses of additional states, mixing
angle a, ratio of two VEVs tan 8

5 physical scalar states: two neutral CP-even (H, h),
one neutral CP-odd (A) and two charged (H™)

Alignment limit cos(f —a) — 0: h = h125

- Yukawa couplings:

\/5 Ny

SM __ BSM _ SM
A=y AT =
% tan
Type-I1 Type-11 Type-L Type-F
Nu 1 1 1 1
Nd 1 —tan® 3 1 —tan?

m 1 —tan? B —tan? 3 1
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Light Higgs Searches
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. Focus on the low mass 4 < m, < 15 GeVanda — 7,7;,,, decay

H — aa — 4r

- Dedicated p-removal technique

Non-prompt/fake bkg from data

- Prompt bkg from MC, negligible

No excess found

- Fake bkg prediction agrees well with data
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Briefing: Learning

From Tau

Fully merged case
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H—- Za - ¢ + jet

arxiv:2411.16361 (submitted to PLB)

. Search for a light scalar a in the mass range 0.5 - 4 GeV

. 2HDM + S and axion-like models (DM candidate)

.- Hadronic a decays, reconstructed as a single jet (large boost)

- Main bkg: Z+jets, NN to suppress the bkg

. NN-based m: jet substructure to improve the jet mass

resolution
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arXiv:2503.17254 (submitted to EPJC)

- MVAs for event reconstruction and signal vs bkg discrimination
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. tta and tWa production modes, 27 final state

. Targets 12 < m, < 100 GeV

. BDTs fort — £jand a — jj reconstruction

- Mass-parametrised NN for signal classification

Data-driven correction of main tf+jets bkg
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Search for 80 < mpy+ < 3000 GeV in 7+jets and z+lepton

final states

Sizeable BR over a wide range of parameter space

. sensitive at high tan f, dominant at my- < 175 GeV

Main bkgs ¢f and W+jets from MC with data-driven

corrections

Mass-parametrised NN to classify signal and bkg events
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. Search for 80 < my+ < 3000 GeV in 7+jets and 7+lepton
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Target gg¢ — A and bDA
production modes

. Considered ez, ut and
ThadThad channels

- Number of b-jets to
categorise events

Dedicated algorithm to
reconstruct 1,5 — 77

. Consider missing
energy from neutrinos

125 GeV Higgs mass
constraint to improve the
A-boson mass resolution
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Target gg¢ — A and bDA
production modes

. Considered ez, ut and
ThadThad channels

- Number of b-jets to
categorise events

Dedicated algorithm to
reconstruct 1,5 — 77

. Consider missing
energy from neutrinos

125 GeV Higgs mass
constraint to improve the
A-boson mass resolution
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arXiv:2412.00570 (submitted to PLB)

. Previous searches in H — 77, bb, WW final states 100sCMS
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http://www.arxiv.org/abs/2311.04033
https://arxiv.org/abs/2412.00570

Conclusions

BSM Higgs searches are essential for the ATLAS and CMS physics
program at the LHC

Several benchmark models tested in many channels

No significant excesses found so far and tighter constraints on
model parameters are set

Covered a small subset of results here, see ATLAS and CMS
webpages for everything else

Run 3 data (2022 - 2026) will allow to check the interesting Run -2
excesses

Higher centre-of-mass energy (13.6 TeV) beneficial for many signals

Might triple the dataset available for analysis
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Best channel in flipped and type-ll 2HDM, enhanced production
at high tan

Overwhelming QCD bkg, difficult to model

- Use 2 b-tag control region to model 3+ b-tag signal region

- analytic function fitted to data, MC used to evaluate shape

differences
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