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Introduction

THDMs: two Higgs doublet models

* So far, the standard model (SM) is successful theory that describes
electroweak symmetry breaking.

* However, the structure of the Higgs sector has not been clarified.

- Extended Higgs sectors.

¢ + & (Doublet), & + .5 (Doublet), & + A (Triplet), etc.

- They appear in variety of New Physics (NP) models and scenarios.

SUSY, WIMP dark matter, generation of neutrino mass, electroweak baryogenesis, ...

— We can pursue NP by investigating Higgs sector.

This talk: Radiative corrections to charged Higgs boson (H™¥) decays in THDMs.

e Importance and quantitative size of the radiative corrections to H* decays.

e How can we separate 4 types of THDMs by decay patterns of H* ?
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Two Higgs doublet models (THDMs)
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— 4 types of Yukawa interactions. Ly =—Y,QrPup — Y4QrPadg — Ye L Peep + hoc.

— Flavor changing neutral current (FCNC) is prohibited at tree level. Pude: D1 or B

* Mass eigenstates:

(0)-r (i), (2)-r (%) (1) = () o)

H, A, H*, H- :additional Higgs bosons, h : SM-like Higgs boson

* Input parameters: m,, m,, m.+, sin(B8-a), tanp, M= M* = mg/(sin 3 cos )
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Alignment limit

Alignment limit: sin(8 — a) =1

« Higgs boson couplings:
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—> sin(8 — @) should be

close to 1.

» Alignment limit or near alignment scenarios (sin(8 — «) ~ 1) are favored.
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Synergy between direct and indirect searches|[1/3]

Alignment limit: sin(f —a) =1

Sg—q ¢ sin(f — a)

(Ex.): Expected exclusion; Type-I at HL-LHC
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Direct searches : Lower bounds for ms and tan 8 are given.

Indirect searches : No sensitivity since Higgs couplings do not deviate.
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Synergy between direct and indirect searches|2/3]

Near alignment scenario: sin(8 — ) = 0.995

[M. Aiko, S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu, NPB 966 (2021) 115375]

(Ex.): Expected exclusion; Type-l at HL-LHC
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Direct searches: A — Zh and H — hh give wider sensitivity regions for (mg, tan ) plane.

Indirect searches : If a deviation in hZZ founds, the upper bounds for & are given.

— Most parameter space can be surveyed.
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Synergy between direct and indirect searches|3/3]

[M. Aiko, S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu, NPB 966 (2021) 115375]

Expected exclusion; Type-I Expected exclusion; Type-|
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— Sensitivity regions by direct searches are drastically changed by sin(5 — a)

Radiative corrections to Heavy Higgs decays can be significant in alignment scenarios.
- H* decays ( this talk )
« H decays ( talk by Mariko Kikuchi on 21stSep. (Tue.) )

A decays ( future work)
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Radiative corrections to Higgs boson decays

e Radiative corrections to SM-like Higgs boson h
- Higgs boson couplings (one-loop EW)
hff, hVV  hhh
- Higgs boson decays (NLO EW, NNLO QCD)
h— ff, h=VV* S VFf

Other tools:
2HDECAY Prophecy4f

H-COUP calculates these processes.

[Kanemura, Kikuchi, KS, Mawatari, Yagyu,

:
|
|
|
|
[Kanemura, Kikuchi, KS, Yagyu, CPC 233 (2018) 134] 1
|
|
CPC257(2020) 107512] :

|

- Production process at ILC  (NLO EW, NLO QCD)
ete”™ — Zh talk by Masashi Aiko on 21stSep (Tue.).

ete” — vh

— Loop effects in Higgs observables have been studied.
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Calculation of one-loop corrections to charged Higgs decays

* \We calculated NLO EW and NLO QCD corrections to the following process:
H* = ff', H* -W¢ (p=h,H,A), HT¥ - WV(V =L27)

For UV divergence : improved on-shell scheme (same scheme as H-COUP)

For IR divergence : adding real photon emission contributions
e Analytical expressions will be implemented in H-COUP ver. 3.

e Behavior of branching ratios for H* for near alignment scenario, sin(8 — a) = 0.995
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Low tan 8 regions : H+ — ¢p is dominant without depending on types of THDMs.

High tan § regions : difference among types of THDMs can appear.
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Effects of scalar loop corrections to charged Higgs decays
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Discrimination of THDMs by decays of H+

We discuss how 4 types of THDMs can be distinguished in alignment regions, Axz < 0.76% < hZZ (ILC): 0.38%
[K. Fujii, et al., 1710.07621]
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. BR(HT — 7%v) 2 10% is predicted only in Type-X.
. In Type-l| BR(H"™ — W™h) can be maximally 60%.

(Type-Il and Y can be identified by BR(H T — ¢b)and BR(H™ — 77v)))
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Summary

e C(Constraints from direct searches of additional Higgs bosons are drastically
changed depending on sin(8 — o).

— Radiative corrections to heavy Higgs boson decays can be significant in

alignment scenarios, sin(8 — o) ~ 1.

e We investigated impact of radiative corrections to charged Higgs boson decays.

- Magnitude of NLO corrections to '(H™ — tbh) and (H* — Wh)
can become 10-30%

e We found that 4 types of THDMs can be distinguished by H™ decays.
Type-I : maximum of BR(H" — w™h) is ~60%.
Type-X :BR(HT - z10) > 10% .

Type-ll and-Y: characteristic predictions in correlation between
BR(H" — 77v) and BR(H' — ¢b).
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Branching ratios in near alignment senarios
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Correlation between H+ —wcvband HT — v
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