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2HDM+S
● 2 Higgs doublets + 1 complex singlet                                                       

(= NMSSM Higgs sector without SUSY relations)

● 6 physical states after EW symmetry breaking

● Parameterize model in Higgs basis

● Neutral physical states:
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𝐻±

𝐴𝑎

hh125 𝐻

[SB, Shah ‘18 (1808.02667)]
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27 free parameters:
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27 free parameters:
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Resonant double Higgs production
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Z-phobic benchmarks
● Choose                                to suppress (𝛷i ➝ Z 𝛷j) decays

● Assume perfect alignment (simplifies parameter space, little impact on BRs)
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Z-phobic benchmarks: h125+ (h/a ➝ visible)
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A ➝ h125 a ➝ bbbb                          Reach: [Ellwanger, Rodriguez-Vazquez ‘17]
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Z-phobic benchmarks: h125+ (h/a ➝ visible)
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A ➝ h125 a ➝ bbbb                          Reach: [Ellwanger, Rodriguez-Vazquez ‘17]
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Z-phobic benchmarks: h125+ (h/a ➝ visible)
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H ➝ h125 h ➝ bbbb                          Reach: [Ellwanger, Rodriguez-Vazquez ‘17]
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Z-phobic benchmarks: h125+ (h/a ➝ invisible)
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A ➝ h125 a ➝ 𝛾𝛾 𝜒𝜒                                 Reach: [SB, Freese, Shah, Shakya ‘17]
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Z-phobic benchmarks: (H ➝ hh), (H ➝ aa), (A ➝ ha)
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Example: A ➝ h a                                     No Reach available
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Max Misalignment Scenario: H ➝ h125h125

● BR(H ➝ h125h125) 

vanishes for alignment

● Assume ~maximal 

misalignment allowed by 

data

● Forbid (H ➝ hh) ,          

(H ➝ aa) and (H ➝ Za)  

by appropriate choice of 

masses
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Max Misalignment Scenario: H ➝ h125h125
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Compare to current CMS/ATLAS limits in bbbb, bb𝛾𝛾 final states
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Conclusions
● (𝛷i ➝ h125 𝛷j) most promising?

○ Large cross sections up to 𝜎(gg ➝ 𝛷i ➝ h125 𝛷j) ~ 100 fb

○ Presence of h125 with known mass and BR’s allows the tagging of events

● (𝛷i ➝ 𝛷j 𝛷k) needs work!

○ Large cross sections comparable to, or even larger, than (𝛷i ➝ h125 𝛷j) 

○ Experimentally more difficult (maybe j=k is easier?), no sensitivity estimates 

available…

● (𝛷i ➝ h125 h125) accessible in best-case scenario of ~ max misalignment and 

suitable mass spectrum

○ Could be complementary to direct h125 precision measurements 
14


