
Searching for Additional Higgs Bosons 
via Higgs Cascades

Christina Gao, Markus A. Luty, Michael 
Mulhearn, Nicolás A. Neill, Zhangqier Wang  

arXiv:1604.03108 

May 9th  
Pheno 2016



SM does not explain everything: 
• Neutrino masses 
• Dark matter 
• EW scale unstable under quantum corrections 
• etc. 

A lot of new physics requires an extended Higgs sector.

Motivation



Two Higgs Doublet Model



Two Higgs Doublet Model

Couplings to fermions: 

• Type I 

• Type II

Couplings to gauge bosons:
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95% CL limit from LHC Run I
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Status after Run I
(gg->H->ZZh) [pb] 14TeV
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Status after Run I
(gg->H->ZZh) [pb] 14TeV
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Search Channels



Search Channels



•  

Golden Channel llllbb



Golden Channel llllbb
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Golden Channel llllbb
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Golden Channel

Cut flows after each selection. The signal and background yields are 
estimated for an integrated luminosity of 300/fb.



Cut flows after each selection. The signal and background yields are 
estimated for an integrated luminosity of 300/fb.

Golden Channel llllbb



Results of Benchmark
mA=250 GeV    mH=450 GeV   σ(ZZh)=0.45pb

Combining channels give 3σ (5σ) significance at 24/fb (54/fb) 



Results of BenchmarkResults of Benchmark

mA=250 GeV    mH=450 GeV



Results of BenchmarkResults of Benchmark

mA=250 GeV    mH=450 GeV  



Mass Scan of mH

mA=250 GeV    tanβ=10  



• gg → H → ZA → ZZh could be the discovery mode for additional 
Higgs boson at LHC Run-II. 

• For the benchmark mH = 450 GeV and mA = 250 GeV, the channel 
llllbb performs the best, with 11σ for 300/fb at 14 TeV. 

• At 14 TeV the search is competitive with direct H searches and can 
be the most sensitive probe of 2HDM type I at high tanβ(≥ 8). 

• The mass reach persists for values up to 650 GeV. 

• The searches for ZZh are highly motivated at LHC Run-II.  

Conclusion



• gg → H → ZA → ZZh could be the discovery mode for additional 
Higgs boson at LHC Run-II. 

• For the benchmark mH = 450 GeV and mA = 250 GeV, the channel 
llllbb performs the best, with 11σ for 300/fb at 14 TeV. 

• At 14 TeV the search is competitive with direct H searches and can 
be the most sensitive probe of 2HDM type I at high tanβ(≥ 8). 

• The mass reach persists for values up to 650 GeV. 

• The searches for ZZh are highly motivated at LHC Run-II.  

Conclusion

Thanks!


