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Exploring the Higgs sector via multi-Higgs production searches is a main goal for run-3 and
high-lumi LHC. Can these searches inform us about the electroweak phase transition and matter-
antimatter asymmetry? We address this question in the context of the TRSM (Two-Real-Singlet
Model), which has known benchmark points enhancing multi-Higgs production. We update the
triple-Higgs production benchmark points to include refined perturbativity bounds and explore
the type of electroweak phase transition that occurs in the early universe; whether continuous or
the first-order discontinuous phase transition desired for matter-antimatter asymmetry. After pre-
senting our work, I outline lessons on correlating the type of electroweak phase transition and the
enhancement of di-Higgs or triple Higgs production, highlighting the importance of the theory’s

vacuum expectation value of today and the symmetries of the model.
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Despite the discovery of the Higgs boson, the Higgs sector of the standard model is still not fully
established. In particular, the self-couplings of the Higgs boson and its couplings with gauge
bosons are still to be fully determined. We consider electroweak corrections to the processes H
->ve ve’ vm vm" and H -> e+ e- mu+ mu-. The corrections depend on the HHH coupling. We
investigate this dependence in the kappa-framework without violating gauge invariance. We find
that the width depends on coupling significantly.
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We present a calculation of the NLO QCD corrections to Higgs boson pair production in vector
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we investigate the effects of anomalous Higgs couplings on various observables.
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In a supersymmetric theory, large mass hierarchies can lead to large uncertainties in fixed-order
calculations of the SM-like Higgs mass. A reliable prediction is then obtained by performing the
calculation in an effective field theory (EFT) framework, involving the matching to the full su-
persymmetric theory at the high scale to include contributions from the heavy particles, and a
subsequent renormalization-group running down to the low scale. In my talk, I report on the
prediction of the SM-like Higgs mass within the CP-violating Next-to-Minimal Supersymmetric
extension of the SM (NMSSM) in a scenario where all non-SM particles feature TeV-scale masses.
The matching conditions are calculated at full one-loop order using two approaches. These are the
matching of the quartic Higgs couplings as well as of the SM-like Higgs pole masses of the low-
and high-scale theory. A comparison between the two methods allows for an estimate of the size
of terms suppressed by the heavy mass scale that are neglected in a pure EFT calculation as given
by the quartic-coupling matching. The calculation is implemented in a new version of the public
program package NMSSMCALC.
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Supersymmetry is among the most promising BSM frameworks solving many of the SM’s theo-
retical and experimental shortcomings as well as providing a rich phenomenology across all sec-
tors of the theory. The Next-to-Minimal-Supersymmetric-Standard-Model (NMSSM) is a natural
successor of minimal supersymmetry providing a richer phenomenology in many regards such
as e.g. more sources of CP-violating, scalar states lighter than the SM-like Higgs boson or addi-
tional dark matter candidates, to name a few. In order to scrutinize the NMSSM parameter space,
precise predictions for a variety of observables within given scenarios are required. The program
NMSSMCALC is addressing this demand by implementing precision calculations within the Higgs-
and electroweak sector which are continuously improved and extended to match the experimental
accuracy. Therefore, NMSSMCALC allows to confront a given benchmark-scenario with experi-
mental observations and check its validity with high confidence.

In this talk we will present recent developments in NMSSMCALC that extend its portfolio by pre-
cision predictions for low-energy observables such as the W-boson mass, the muon anomalous
magnetic moment or electric dipole moments. Furthermore, we report on improvements for pre-
cision predictions in the Higgs sector. Predictions for both, the Higgs boson masses and effective
trilinear Higgs couplings have been recently improved at the two-loop level. We discuss the impact
of loop-corrected couplings and masses on Higgs-to-Higgs decays, as computed by NMSSMCALC
and demonstrate their potential to reduce the theoretical uncertainty of the Higgs boson pair pro-
duction cross-section.
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