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This work

We analyze the cross-section for ete™ — hZ at the full next-to-leading order in various

extended Higgs models.
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Introduction

Problems in the SM . Baryon asymmetry of the universe

. Dark matter

- Neutrino tiny mass etc.

SM must be extended to solve these problems.

Extended Higgs model - One SU(2), doublet is an assumption in the SM.

. The above problems can be solved.

Determination of the Higgs sector is important.

How to determine

The properties of SM-like Higgs boson are different from those in the SM.

Such deviations can be measured with a few percent accuracies at future lepton
colliders. — Precision calculations are essentially important.



H-COUP: tool for precision calculation 4

http://www-het.phys.scl.osaka-u.ac.jp/~hcoup/

NEW!! H-COUP version 2.3 was released (30 Apr. 2020)

H-COUP version 2 (1 Sep. 2019) is a calculation tool composed of a set of Fortran codes to compute the Higgs boson decay rates and the
branching ratios with radiative corrections NNLO for 0 CD and NLO for EW) in Vanous non mlmmal H1 y0s models, such as ‘the Higgs smglet
model, four types of two Higgs doublet models and the inert doublet model. H-COUP ver. 2 contains all the functions in H-COUP ver. 1.

Authors:
Shinya Kanemura, Mariko Kikuchi, Kentarou Mawatari, Kodai Sakurai and Ke1 Yagyu

The manual for H-COUP version 2 can be taken on arXiv:1910.12769 [hep-ph].




H-COUP: tool for precision calculation 4

http://www-het.phys.scl.osaka-u.ac.jp/~hcoup/
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NEW!! H-COUP version 2.3 was released (30 Apr. 2020)

H-COUP version 2 (1 Sep. 2019) is a calculation tool composed of a set of Fortran codes to compute the Higgs boson decay rates and the
branching ratios with radiative corrections (NNLO for QCD and NLO for EW) in various non-minimal Higgs models, such as the Higgs singlet
model, four and the inert doublet model. H-COUP ver. 2 contains all the functions in H-COUP ver. 1.

| focus on 2HDM in this talk

Authors:
Shinya Kanemura, Mariko Kikuchi, Kentarou Mawatari, Kodai Sakurai and Ke1 Yagyu

The manual for H-COUP version 2 can be taken on arXiv:1910.12769 [hep-ph].




Two Higgs doublet model (ZHDM)

The model with two scalar doublet ®, and ®, with Y =1/2
V(®1, By) = m2|®q]° + m2|®s|> — m2,(®!1 Dy + h.c.)

Ws
1 1 2 1 Qi=\ L o
+ 5)\1@1\4 + 5)\2|(I>2|4 + 3|1 || ®o|* + M‘CI)J{(I)Q‘ + §>\5 {(@1@2)2 + h-C-}a z (75(”0@ +hi + ZZZ))

Softly-broken Z, symmetry suppresses flavor-changing neutral current. Glashow, Weinberg, PRD15 (1977)

Paschos, PRD15 (1966)
) . . . _ Barger et al. PRD41 (1990)
2HDM is classified into Type-l, I, X and Y. Aokl ot 4l PRDEO (2009

h (SM-like Higgs boson), H, A, H*

v (=246 GeV), m, (=125 GeV), my, m,, my., M* = mle(sﬂcﬂ), tan f3, s5_,

nggS COUpllﬂgS ghVV — S,B_aghVV’ ghff — (S,B—a — Cﬂ—aéf)g]?f;\f/l (Cf —_ tanﬂ or COtﬁ)
- Alignment limit : 5,_, - 1 (tree-level Higgs couplings take SM-values.)

- LHC data are consistent with the SM prediction — Ss_q =1  G.Aadetal. PRD101 (2020)



Why higher-order calculations are needed? 6

oro " =55 006 — The deviation is 0(1) %
- LHC data indicate a SM-like scenario s;_, ~ 1.
Loop corrections — The deviation is 6(1) %
Each size of correction is comparable. et Z
H* f”ﬁ
Experimental accuracy - H*
H* ~\_
Ac(ete™ = hZ) = 0.51 % at CEPC 5 ab™! . e

CEPC-CDR (2015)

Higher-order calculations are essentially important.

We calculate one-loop corrections based on the renormalization scheme in H-COUP.

S. Kanemura, M. Kikuchi, K. Sakurai, K. Yagyu, PRD96 (2017)



2HDM with s;_, =

(P.,P:) =(0,0), AR" =oxp/osm — 1
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2HDM with s;_, =

—EW
(P.,P;) =(0,0), Ay : Each NP effects

Type-I 2HDM : sg_q =1, tanB = 1.5 LO + No deviation

Ohelpl=lgi® - Vacuum stabllity

. Perturbative unitarity

. S and T parameter

We find almost no difference among all Types.
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2HDM with s,_, # 1
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2HDM with s,_, # 1

—EW
(P.,P;) =(0,0), Ay : Each NP effects

LO . 2% deviation
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Correlation : AR* vs. AR/

(P,.P.) = (—0.8, 4+ 0.3)

e’ e 9
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Correlation : AR"* vs. AR/,
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Type-I ZHDM shows a different correlation
from the HSM and the IDM.

Experimental accuracy

AR =15% at2 o CEPC-CDR (2015)

If mgy <1 TeV, deviations can be detected at
the CEPC.

Further discrimination

h — yy might be useful. (AR"” =9 % at 20)

— Combined study with the HL-LHC



This work

We analyze the cross-section for ete™ — hZ at the full next-to-leading order in various

extended Higgs models.
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ete™ — hZ process (LO)

ILC, CEPC, FCC-ee : 1/s = 240 — 250 GeV e’ Z

— o(ete” = hZ) takes a maximal value.

Z boson energy : E, = (s + m2 — m>)/(2y/s)

— o(ete”™ — hZ) can be measured by using the recoil mass

400

technique  J. Yanetal PRD94 (2016) I EVARN (el
/ \\\ = (:0.8,40.3)
HeliCity : 300 l:l \\ ....... (+0.8,-0.3)
In-state (6,,0,) : (—,+), (+,-), (=7 m,/v — 0 ]
QOut-state : 1= (+,-,0)
Six helicity amplitude : Mox(s,t) (0 =0 = —0¢) e
At the ILC © (P, P,) = (0.8, £0.3) 300 250 300 350 400 450 500
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Helicity-dependent cross section




Higher-order calculation

From-tactor decomposition

Helicity amplitude can be decomposed as 1" = g

3 15" = k% (pe + pe)”
Mo (s, 1) = Z Fio(s,)Miox(8,1),  Miox = jou(Pe,pe) T} (s, b)) (kz, A) Ts~ = Fzlpe = pe)”
1=1

Renormalized quantities

Fz'(,}y) = Fi,ZaZ + FZZ(;Y + FzZ;é + thaZZ + thany + thgé + F/L'],B;X

+ 7

1,0

A
? _|_Fi,ar

UV divergence: improved on-shell scheme

Gauge dependencies are removed by utilizing the pinch technique
S. Kanemura, M. Kikuchi, K. Sakural, K. Yagyu, PRD96 (2017)

IR divergence: regularized by finite photon mass, and photon mass dependence is
removed by adding a real photon emission. B. Kniehl ZPC55 (1992); A. Denner et al. ZPC56 (1992)
We have performed the systematic calculation based on the scheme in H-COUP.




HSM with ¢, = 1
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HSM with ¢, # 1
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IDM

(P.,P.) =(0,0), AR" =oxp/osm — 1 (P., Ps) = (0,0), Ziw : Each NP effects
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