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(2) After Higgs discovery: Open questions

Higgs discovery in 2012 ⇒ last building block discovered

? Any remaining questions ?

Why is the SM the way it is ??

⇒ search for underlying principles/ symmetries

find explanations for observations not described by the SM
⇒ e.g. dark matter, flavour structure, ...

ad hoc approach: Test which other models still comply with

experimental and theoretical precision

for all: Search for Physics beyond the SM (BSM)

=⇒ main test ground for this: particle colliders ⇐=

(3) Models with extended scalar sectors

Extend SM with additional scalars:
gauge singlet(s), doublet(s), triplet(s), ...

[or combinations thereof]

Constraints

Theory

minimization of vacuum, vacuum stability
positivity, perturbative unitarity, perturbativity of couplings

Experiment

provide viable candidate @ 125 GeV (coupling strength/ width/ ...)

agree with null-results from additional searches and EW gauge boson
measurements (widths)

agree with electroweak precision tests (typically via S,T,U)

agree with astrophysical observations (if feasible)

(4) Examples for current constraints: Singlet extension

V(Φ,S) = −m2Φ†Φ− µ2S2 + λ1(Φ†Φ)2 + λ2S4 + λ3Φ†ΦS2

new parameters: m2, sinα [= 0 for SM], tan β [= ratio of vevs]
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(5) Models with dark matter candidates: Inert Doublet Model

2 Higgs Doublet Model: 4 new scalars H ,A,H±

Z2 symmetry → DM candidate(s) (here: choose H)
free parameters: masses, λ2, λ345 (couplings in V )

signatures: EW gauge boson(s) + MET
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... and also from signal strength and

astrophysical constraints ...

(6) IDM at LHC

Model not yet investigated at LHC: What about recasts ?
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important constraints
in offshell regime !
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example for /E⊥ vs rate

high rates ⇐⇒ low /E⊥ cuts

current searches at LHC need to be modified

(7) IDM at CLIC

e+e− (→ H A)→ µ+ µ− + /E⊥
e+e−

(
→ H+ H−

)
→ `+`′− + /E⊥ (` = e, µ)
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(8) LHC: Multi scalar production modes

2 real singlet extension ⇒ 2 additional scalars (M1 ≤ M2 ≤ M3; Mi ∈ [0; 1TeV])

[1 mass always at 125 GeV, others free]

asymmetric, triple h1

(3/ 0.3 pb)
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(2.5/ 60 pb)
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