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® |In the LHC, we have observed

1. Higgs—gauge couplings (hZZ* and hWW#*)
2. Yukawa couplings (htt, hbb, ht7)

» no doubt for existence of at least an isospin scalar doublet.

Question : How many doublets are there in the Higgs sector?

- Multi-doublet structure (nHDMs) is favored by

- Electroweak Baryogenesis

- p =1 at tree level

We consider a simple extension of the SM: 2HDMSs
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1. the direct searches (additional Higgs boson)
2. the indirect searches (precisely measured / couplings)

- Higgs—gauge couplings: hVV (V = W* and Z)
- Yukawa couplings: hff (e.g., hrt, hbb)
- Higgs self-couplings

o1 :
Viiges = Em;% h*+ aﬂhhhh3'+ —%hhhh4

ILC can measure the 4 trilinear coupling

We focus on the ete™ — hhff process to test the 2HDMs.
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h couplings become the SM prediction
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The Higgs potential (softly-broken 7, symmetry and € conservation)
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Z, sym. ¢; = ¢, > — ¢,
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v( =246 GeV), m,( = 125 GeV) ang 22

sin(f} — &) , tan 8, my; , m, , mz; and M?

We consider sin(f — a)#1 (non—alignment case).

h couplings deviate from SM prediction !
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hVV couplings can deviate from SM prediction and HVV couplings appear.
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hff couplings become the SM values.
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hVV couplings are deviate from SM prediction.
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® The Higgs potential
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® The Higgs potential

alignment limit (sin(f — a) = 1)
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hhh coupling becomes the SM value, and Hhh coupling vanishes.
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® The Higgs potential

non-alignment case: sin(f — a) # 1

mj;

Ay = Sp_ +0(c2 )+ ...
hhh 5, Sh-a (cs_,)

1 2 2 2 2
/thh — 7 (4M — th — mH)Cﬂ_a + @(C —0{) + ...

hhh and Hhh couplings also deviate from the values of predictions in the SM
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Double Higgs boson production [

alignment limit

Asakawa, Harada,
Kanemura, Okada,
Tsumura,Phys.Rev.
D82, 115002 (2010)
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Numerical Results : k; VS R roee t2ore) os027
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M Because 4 becomes off—shell, scattering points is shifted to below.
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Numerical Results : my vs R rose core) o027

the H and A apparingin the Zhh production are gettng o-shell.

Sordli.  ugR,
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sin(8-a)=0.995 - Aas T T g N sin(3-a) = 0.995
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Summary 14/

- We focus on e*te™ — hh + X processes in the 2HDM: non—-alignment case.

- We have found a considerable enhancement in the cross section,
typically several times larger than the SM prediction.

+ The correlation between k. and the cross section may give us a clue how
the Higgs sector should be extended.

- [f an enhancement in the cross section is observed as shown in this
study, it suggests a possibility of the non-alignment case.

Thank you for your attention!
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Fulfill the singlet, multi-doublet or septet

We consider the simplest but important expanded model of
SM’s Higgs sector i.e., 2HDMs.
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Four types of charge assignment of the Z> symmetry

(Softly-broken) Z; symmetry :®;, - &, o, - — D,

Lruom = — Y0, @ g — Y,0,Pydp — YL, ®@lp+H.c.
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Type-1l — — + i +
Type-X  + — — _ 1 1
Type-Y  + - ~ + — +




Higgs-gauge couplings 13/16
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gkin — Z ‘D ¢‘2 — ‘D (I)‘z + ‘D \P‘z ‘I’=[#<v+ii+i60>

i=1,2 Higgs-gauge-gauge Higgs-Higgs-gauge

alignment limit (sin(f—a) = 1) )

e o

N\
N\

A

g
= (Sp_o Cp_q) X ory =5, X (Cpa Sp0)

Cy, cosf = ¢,

hVV coupling becomes the SM value, and H dose not couple to V.
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my = my = my= = 300 GeV sin(ff — a) = 0.99 my = my = my= = 300 GeV sin(f — a) = 0.995
350
300
> 250 > 250
L O
O O

S 200
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10097002 094 096 008 1 1.02 1.04 1.06 1.08 L1 N> 094 096 098 1 102 104 106 1.08

Kf K.

small tan g| is Excluded by experiment

4 At the LHC
H- - - gg—H « cot’p



Constraints of charged Higgs boson mass from B — XS;/ data

Model-IT

tanP :
3 4 5
Mikolaj Misiak and Matthias Steinhauser,
“Weak radiative decays of the B meson and bounds

In the Type—I THDM on MH= in the Two-Higgs—-Doublet Model,”
’ Eur. Phys. J. C77, 201 (2017)

O(100) GeV of the charged Higgs boson mass is
allowed by the B - Xy data when tan 3 >~ 2.

While m,. < 600 GeV is excluded
with 95% confidence level in the Type-Il THDM.
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cos(f—a) <0

My = My = my* = 300 GeV
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Numerical Results : k; VS R rroes (2019 005027
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The Higgs boson couplings

K. Fujii et al., arXiv : 1710.07621

ILC250 +ILC500
kit  EFT fit k fit EFT fit

g(hbb) 1.8 11 0.60 0.58
g(hce) 2.4 1.9 1.2 1.2
g(hgg) 2.2 1.7 0.97 0.95
g(hWW) 1.8 0.67 0.40 0.34
g(htT) 1.9 1.2 0.80 0.74
9(hZZ7) 0.38 0.68 0.30 0.35
g(hyy) 1.1 1.2 1.0 1.0
g(hup) 5.6 5.6 5.1 5.1
g(h72) 16 6.6 16 2.6
g(hbB) [g(WWW) 088  0.86 0.47 0.46
g(ht7)/g(hWW) 1.0 1.0 0.65 0.65

g(hWW)/g(hZZ) 1.7 0.07 0.26 0.05
I'y, 3.9 2.9 1.7 1.6
BR(h — inv) 032  0.32 0.29 0.29
BR(h — other) 1.6 1.6 1.3 1.2
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Higgs boson couplings

arXiv : 1903.01629

Model Dependent EFT / x Fit (I‘BSM=0 & no anom. hZZ/hWW coupl.)

~ LCC Physics WG B HL-LHC arXiv:1902.00134
OO S1: CMS, S2: ATLAS&CMS
HL-LHC @ ILC250

HL-LHC @ ILC250 @ ILC500
e -« cccccescscnsncsnsnsssncsscnoll...ccccccccacsasasasasasasasasanananan. e darkllight: s1lsz

Precision of Higgs boson couplings [%]

ILC 250 can measure hVV couplings with one percent level.



Double Higgs boson production

at the e e™ colliders
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