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How to Search For Charged Higgs Bosons?
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Fermionic and Bosonic Decays of H*
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- parameter points fulfill experimental and theoretical constraints
- parameter scan performed using Scanners iminleitner et al. 2007.062985]
- branching ratios including off-shell t and W from HDECAY ibjouadiet al. 1801. 095606] 2


https://arxiv.org/abs/2007.02985
https://arxiv.org/abs/1801.09506

t-Associated Charged Higgs Production
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Current Impact of LHC Charged Higgs Searches
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Current strongest searches for H* — 7 (s 1807.079151 and HE — tb (arias 2102. 100761


https://arxiv.org/abs/1807.07915
https://arxiv.org/abs/2102.10076

Bosonic Charged Higgs Production
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https://arxiv.org/abs/1704.08549

Benchmark Scenarios for Charged Higgs Searches — cH(Whgsw)

c(hgsuVWV) =0, my=mys, tanf =3, m’ =500GeV?, type |

BR(H * —»W * hgsm)

oo Existing searches

° A — ZhBSM [ATLAS 1804.01126,1712.06518; CMS

1903.00941]
° A/hBSM —> TT [ATLAS 2002.12223]
- tbHE — 7V (arias 1807.07915)

Model dependent complementarity to
neutral Higgs searches.
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Benchmark Scenarios for Charged Higgs Searches — cH(Whgsw)
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BR(hgsm — bb) ~ 80%,  BR(hesw — 7777 )~ 8%,  BR(hgsu — 77) = 1x107*



Benchmark Scenarios for Charged Higgs Searches — cH(WA)

a(pp-tbH = >tbW = A) o(pp—H *A-W = AA)
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- same parameters/rates as cH(Whgsy) with hgsy <> A
- weaker constraints from neutral Higgs searches



light

Benchmark Scenario with a light hgsmy— cH(Whgy

Can we have even lighter spectra that allow for boosted final states?
a(pp-tbH * >tbW * hgsu) a(pp—H * hgsm—W * hgsmhasm)

300 50f 7]
2754
15 fb
A i .
250 100 fp \
> 2251 2076 1
= =
£ 175 30-fb
100 fb
150 4 f
1254
100 - . : : : : : ; . .
10 20 30 40 50 60 10 20 30 40 50 60
Mg, [GeV] Mg, [GeV]

- 2my,., < 125GeV requires tuning of mé,, large tan 8 and slight misalignment
- hgsw decay modes: bb ~ 80 %, vy ~ 10 % .



In Case You Like Taus — cH(Whi2hty
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- same as cH(Whgg\‘,\t) but in the lepton-specific 2HDM
. BR(hBSM —)7‘7‘) =

10



Heavy Gauge Boson Final States — cH(thph°b)
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Fermiophobic limit for hgsm = hgsm — vy, WW, Z2Z
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In many BSM models, bosonic H* decay modes — in particular HT — Whggy /A —
can be very competitive with the fermionic decay modes targeted by current

searches.

We propose 2HDM benchmark scenarios for charged Higgs production at the LHC
that

- can be probed by complementary searches in fermionic and bosonic H*

production and decay modes,
- feature a variety of different decays for the involved neutral scalars.

Full cxns and br data for the scenarios are available as arXiv ancillary files.

2103.07484
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Tuning Away hs — hgsmhesm in cH(Whgﬁ'A‘,,t) and cH(Whé‘;'R,i‘l)

BR(h125->hgsmhasm)
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Realizing the Fermiophobic Limit for cH(Whggy

BR(hgsw—1)
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Sum Rules and the Alignment Limit in Generatl Doublet Extensions

Well-known sum rule for the CP-even neutral Higgs bosons h;:

h
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Related sum-rules for the charged Higgs bosons HF—L:
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The H*h; gsmWT couplings are maximized in the alignment limit.
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Charged Higgs Bosons in the 2HDM

The 2HDM features two CP-even neutral scalars hqs gsm @ CP-odd neutral scalar A
and a single set of charged Higgs bosons H*.

Bosonic Charged Higgs couplings in the 2HDM
c?(hgsuWV) — 0
A(hisW) = 1= g* (H*WFhqs) — 0
GA(HEWF hgsu) — G2(HEWFA) = &

How does this compare to the fermionic couplings?

In type | all Higgs-fermion couplings are o 1/ tan 3.



