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Another Higgs production
at ILC250

馬渡 健太郎
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そもそも、なぜILCが必要か？
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新物理(New Physics)の兆候が未だに現れない…
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Model e, µ, τ, γ Jets Emiss

T

∫
L dt[fb−1] Mass limit Reference
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q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV, m(1st gen. q̃)=m(2nd gen. q̃) 1712.023321.57 TeVq̃

q̃q̃, q̃→qχ̃
0
1 (compressed) mono-jet 1-3 jets Yes 36.1 m(q̃)-m(χ̃

0
1)<5 GeV 1711.03301710 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV 1712.023322.02 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃

0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) 1712.023322.01 TeVg̃

g̃g̃, g̃→qq̄(ℓℓ)χ̃
0
1

ee, µµ 2 jets Yes 14.7 m(χ̃
0
1)<300 GeV, 1611.057911.7 TeVg̃

g̃g̃, g̃→qq(ℓℓ/νν)χ̃
0
1

3 e, µ 4 jets - 36.1 m(χ̃
0
1)=0 GeV 1706.037311.87 TeVg̃

g̃g̃, g̃→qqWZχ̃
0
1 0 7-11 jets Yes 36.1 m(χ̃

0
1) <400 GeV 1708.027941.8 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ + 0-1 ℓ 0-2 jets Yes 3.2 1607.059792.0 TeVg̃

GGM (bino NLSP) 2 γ - Yes 36.1 cτ(NLSP)<0.1 mm ATLAS-CONF-2017-0802.15 TeVg̃

GGM (higgsino-bino NLSP) γ 2 jets Yes 36.1 m(χ̃
0
1)=1700 GeV, cτ(NLSP)<0.1 mm, µ>0 ATLAS-CONF-2017-0802.05 TeVg̃

Gravitino LSP 0 mono-jet Yes 20.3 m(G̃)>1.8 × 10−4 eV, m(g̃)=m(q̃)=1.5 TeV 1502.01518F1/2 scale 865 GeV

g̃g̃, g̃→bb̄χ̃
0
1 0 3 b Yes 36.1 m(χ̃

0
1)<600 GeV 1711.019011.92 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 36.1 m(χ̃
0
1)<200 GeV 1711.019011.97 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 36.1 m(χ̃

0
1)<420 GeV 1708.09266950 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 1 b Yes 36.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )= m(χ̃

0
1)+100 GeV 1706.03731275-700 GeVb̃1

t̃1 t̃1, t̃1→bχ̃
±
1 0-2 e, µ 1-2 b Yes 4.7/13.3 m(χ̃

±
1 ) = 2m(χ̃

0
1), m(χ̃

0
1)=55 GeV 1209.2102, ATLAS-CONF-2016-077t̃1 117-170 GeV 200-720 GeVt̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Yes 20.3/36.1 m(χ̃
0
1)=1 GeV 1506.08616, 1709.04183, 1711.11520t̃1 90-198 GeV 0.195-1.0 TeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet Yes 36.1 m(t̃1)-m(χ̃

0
1)=5 GeV 1711.0330190-430 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)>150 GeV 1403.5222t̃1 150-600 GeV

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 36.1 m(χ̃
0
1)=0 GeV 1706.03986290-790 GeVt̃2

t̃2 t̃2, t̃2→t̃1 + h 1-2 e, µ 4 b Yes 36.1 m(χ̃
0
1)=0 GeV 1706.03986320-880 GeVt̃2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃
0
1 2 e, µ 0 Yes 36.1 m(χ̃

0
1)=0 ATLAS-CONF-2017-03990-500 GeVℓ̃

χ̃+
1
χ̃−

1 , χ̃
+

1→ℓ̃ν(ℓν̃) 2 e, µ 0 Yes 36.1 m(χ̃
0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2017-039750 GeVχ̃±

1

χ̃±
1
χ̃∓

1 /χ̃
0
2, χ̃

+

1→τ̃ν(τν̃), χ̃
0
2→τ̃τ(νν̃) 2 τ - Yes 36.1 m(χ̃

0
1)=0, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1708.07875760 GeVχ̃±

1

χ̃±
1
χ̃0

2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e, µ 0 Yes 36.1 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2017-0391.13 TeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0

2→Wχ̃
0
1Zχ̃

0
1

2-3 e, µ 0-2 jets Yes 36.1 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, ℓ̃ decoupled ATLAS-CONF-2017-039580 GeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0

2→Wχ̃
0
1h χ̃

0
1, h→bb̄/WW/ττ/γγ e, µ, γ 0-2 b Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, ℓ̃ decoupled 1501.07110χ̃±

1 , χ̃
0

2 270 GeV

χ̃0
2
χ̃0

3, χ̃
0
2,3 →ℓ̃Rℓ 4 e, µ 0 Yes 20.3 m(χ̃

0
2)=m(χ̃

0
3), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

0
2)+m(χ̃

0
1)) 1405.5086χ̃0

2,3 635 GeV

GGM (wino NLSP) weak prod., χ̃
0
1→γG̃ 1 e, µ + γ - Yes 20.3 cτ<1 mm 1507.05493W̃ 115-370 GeV

GGM (bino NLSP) weak prod., χ̃
0
1→γG̃ 2 γ - Yes 36.1 cτ<1 mm ATLAS-CONF-2017-0801.06 TeVW̃

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 Disapp. trk 1 jet Yes 36.1 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )=0.2 ns 1712.02118460 GeVχ̃±

1

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 dE/dx trk - Yes 18.4 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )<15 ns 1506.05332χ̃±

1 495 GeV

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584g̃ 850 GeV

Stable g̃ R-hadron trk - - 3.2 1606.051291.58 TeVg̃

Metastable g̃ R-hadron dE/dx trk - - 3.2 m(χ̃
0
1)=100 GeV, τ>10 ns 1604.045201.57 TeVg̃

Metastable g̃ R-hadron, g̃→qqχ̃
0
1

displ. vtx - Yes 32.8 τ(g̃)=0.17 ns, m(χ̃
0
1) = 100 GeV 1710.049012.37 TeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795χ̃0

1 537 GeV

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 20.3 1<τ(χ̃
0
1)<3 ns, SPS8 model 1409.5542χ̃0

1 440 GeV

g̃g̃, χ̃
0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃

0
1)< 740 mm, m(g̃)=1.3 TeV 1504.05162χ̃0

1 1.0 TeV

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ - - 3.2 λ′311=0.11, λ132/133/233=0.07 1607.080791.9 TeVν̃τ

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLS P<1 mm 1404.2500q̃, g̃ 1.45 TeV

χ̃+
1
χ̃−

1 , χ̃
+

1→Wχ̃
0
1, χ̃

0
1→eeν, eµν, µµν 4 e, µ - Yes 13.3 m(χ̃

0
1)>400GeV, λ12k!0 (k = 1, 2) ATLAS-CONF-2016-0751.14 TeVχ̃±

1

χ̃+
1
χ̃−

1 , χ̃
+

1→Wχ̃
0
1, χ̃

0
1→ττνe, eτντ 3 e, µ + τ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ133!0 1405.5086χ̃±

1 450 GeV

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 0 4-5 large-R jets - 36.1 m(χ̃

0
1)=1075 GeV SUSY-2016-221.875 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1, χ̃

0
1 → qqq 1 e, µ 8-10 jets/0-4 b - 36.1 m(χ̃

0
1)= 1 TeV, λ112!0 1704.084932.1 TeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 1 e, µ 8-10 jets/0-4 b - 36.1 m(t̃1)= 1 TeV, λ323!0 1704.084931.65 TeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 36.7 1710.07171100-470 GeVt̃1 480-610 GeVt̃1

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 36.1 BR(t̃1→be/µ)>20% 1710.055440.4-1.45 TeVt̃1

Scalar charm, c̃→cχ̃
0
1 0 2 c Yes 20.3 m(χ̃

0
1)<200 GeV 1501.01325c̃ 510 GeV

Mass scale [TeV]10−1 1

√
s = 7, 8 TeV

√
s = 13 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
December 2017

ATLAS Preliminary
√

s = 7, 8, 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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ADD GKK + g/q 0 e, µ 1 − 4 j Yes 36.1 n = 2 ATLAS-CONF-2017-0607.75 TeVMD

ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO CERN-EP-2017-1328.6 TeVMS

ADD QBH − 2 j − 37.0 n = 6 1703.092178.9 TeVMth

ADD BH high
∑
pT ≥ 1 e, µ ≥ 2 j − 3.2 n = 6, MD = 3 TeV, rot BH 1606.022658.2 TeVMth

ADD BH multijet − ≥ 3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → γγ 2 γ − − 36.7 k/MPl = 0.1 CERN-EP-2017-1324.1 TeVGKK mass

Bulk RS GKK →WW → qqℓν 1 e, µ 1 J Yes 36.1 k/MPl = 1.0 ATLAS-CONF-2017-0511.75 TeVGKK mass

2UED / RPP 1 e, µ ≥ 2 b, ≥ 3 j Yes 13.2 Tier (1,1), B(A(1,1) → tt) = 1 ATLAS-CONF-2016-1041.6 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 36.1 ATLAS-CONF-2017-0274.5 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 36.1 ATLAS-CONF-2017-0502.4 TeVZ′ mass

Leptophobic Z ′ → bb − 2 b − 3.2 1603.087911.5 TeVZ′ mass

Leptophobic Z ′ → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 3.2 Γ/m = 3% ATLAS-CONF-2016-0142.0 TeVZ′ mass

SSM W ′ → ℓν 1 e, µ − Yes 36.1 1706.047865.1 TeVW′ mass

HVT V ′ →WV → qqqq model B 0 e, µ 2 J − 36.7 gV = 3 CERN-EP-2017-1473.5 TeVV′ mass

HVT V ′ →WH/ZH model B multi-channel 36.1 gV = 3 ATLAS-CONF-2017-0552.93 TeVV′ mass

LRSM W ′
R
→ tb 1 e, µ 2 b, 0-1 j Yes 20.3 1410.41031.92 TeVW′ mass

LRSM W ′
R
→ tb 0 e, µ ≥ 1 b, 1 J − 20.3 1408.08861.76 TeVW′ mass

CI qqqq − 2 j − 37.0 η−LL 1703.0921721.8 TeVΛ

CI ℓℓqq 2 e, µ − − 36.1 η−LL ATLAS-CONF-2017-02740.1 TeVΛ

CI uutt 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 20.3 |CRR | = 1 1504.046054.9 TeVΛ

Axial-vector mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 gq=0.25, gχ=1.0, m(χ) < 400 GeV ATLAS-CONF-2017-0601.5 TeVmmed

Vector mediator (Dirac DM) 0 e, µ, 1 γ ≤ 1 j Yes 36.1 gq=0.25, gχ=1.0, m(χ) < 480 GeV 1704.038481.2 TeVmmed

VVχχ EFT (Dirac DM) 0 e, µ 1 J, ≤ 1 j Yes 3.2 m(χ) < 150 GeV 1608.02372700 GeVM∗

Scalar LQ 1st gen 2 e ≥ 2 j − 3.2 β = 1 1605.060351.1 TeVLQ mass

Scalar LQ 2nd gen 2 µ ≥ 2 j − 3.2 β = 1 1605.060351.05 TeVLQ mass

Scalar LQ 3rd gen 1 e, µ ≥1 b, ≥3 j Yes 20.3 β = 0 1508.04735640 GeVLQ mass

VLQ TT → Ht + X 0 or 1 e, µ ≥ 2 b, ≥ 3 j Yes 13.2 B(T → Ht) = 1 ATLAS-CONF-2016-1041.2 TeVT mass

VLQ TT → Zt + X 1 e, µ ≥ 1 b, ≥ 3 j Yes 36.1 B(T → Zt) = 1 1705.107511.16 TeVT mass

VLQ TT →Wb + X 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 B(T →Wb) = 1 CERN-EP-2017-0941.35 TeVT mass

VLQ BB → Hb + X 1 e, µ ≥ 2 b, ≥ 3 j Yes 20.3 B(B → Hb) = 1 1505.04306700 GeVB mass

VLQ BB → Zb + X 2/≥3 e, µ ≥2/≥1 b − 20.3 B(B → Zb) = 1 1409.5500790 GeVB mass

VLQ BB →Wt + X 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 B(B →Wt) = 1 CERN-EP-2017-0941.25 TeVB mass

VLQ QQ →WqWq 1 e, µ ≥ 4 j Yes 20.3 1509.04261690 GeVQ mass

Excited quark q∗ → qg − 2 j − 37.0 only u∗ and d∗, Λ = m(q∗) 1703.091276.0 TeVq∗ mass

Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) CERN-EP-2017-1485.3 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 13.3 ATLAS-CONF-2016-0602.3 TeVb∗ mass

Excited quark b∗ →Wt 1 or 2 e, µ 1 b, 2-0 j Yes 20.3 fg = fL = fR = 1 1510.026641.5 TeVb∗ mass

Excited lepton ℓ∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeVℓ∗ mass

Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

LRSM Majorana ν 2 e, µ 2 j − 20.3 m(WR ) = 2.4 TeV, no mixing 1506.060202.0 TeVN0 mass

Higgs triplet H±± → ℓℓ 2,3,4 e,µ (SS) − − 36.1 DY production ATLAS-CONF-2017-053870 GeVH±± mass

Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, B(H±±
L
→ ℓτ) = 1 1411.2921400 GeVH±± mass

Monotop (non-res prod) 1 e, µ 1 b Yes 20.3 anon−res = 0.2 1410.5404657 GeVspin-1 invisible particle mass

Multi-charged particles − − − 20.3 DY production, |q| = 5e 1504.04188785 GeVmulti-charged particle mass

Magnetic monopoles − − − 7.0 DY production, |g | = 1gD , spin 1/2 1509.080591.34 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits
Status: July 2017

ATLAS Preliminary∫
L dt = (3.2 – 37.0) fb−1

√
s = 8, 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.

†Small-radius (large-radius) jets are denoted by the letter j (J).

SUSY(超対称性)粒子の
質量への制限

Non-SUSY粒子(e.g. 余剰次元模型の
Kaluza-Klein粒子)の質量への制限
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LHCデータ    標準模型(SM)の予言
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Status: March 2018

ATLAS Preliminary

Run 1,2
p
s = 7,8,13 TeV

Theory

LHC pp
p
s = 7 TeV

Data 4.5 � 4.9 fb�1

LHC pp
p
s = 8 TeV

Data 20.2 � 20.3 fb�1

LHC pp
p
s = 13 TeV

Data 3.2 � 36.1 fb�1

Standard Model Total Production Cross Section Measurements

精密測定によるヒッグスセクター
の究明が新物理探索の鍵！

しかし、ヒッグスセクター
の測定精度はまだまだ。

理論的にヒッグス2重項が1つである
理由はなく、新物理模型の多くはヒッ
グスセクターの拡張を要請。

⇡<latexit sha1_base64="tZV0dqJVTOQWNQDS3mrM2x3xk4c="></latexit><latexit sha1_base64="tZV0dqJVTOQWNQDS3mrM2x3xk4c="></latexit><latexit sha1_base64="tZV0dqJVTOQWNQDS3mrM2x3xk4c="></latexit><latexit sha1_base64="tZV0dqJVTOQWNQDS3mrM2x3xk4c="></latexit>

ILC
 [1710.07621]
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精密測定 ➡ 間接的に未発見粒子の質量/性質を予言

• LEP:  W, Z精密測定 ➡ top/Higgs の質量を予言 ➡ Tevatron/LHCで発見  

 
 
 
 

• ILC:  Higgs精密測定 ➡ 新粒子の質量/性質を予言 ➡ 100TeVコライダーで発見？  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なぜ200, 300, 500GeVではなく250GeV？

 6
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Higgs productions at ILC250
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• σ(hγ) ～σ(hZ)x10-3 due to loop-induced.
• Beam polarization helps.
• A monochromatic photon.
• sensitive to New Physics!

E� =

p
s

2

⇣
1� m2

h

s

⌘

⇠ 93.8GeV @
p
s = 250GeV

<latexit sha1_base64="LqR5PoVzKGFXf3HhSR2m3SH9tj8="></latexit><latexit sha1_base64="LqR5PoVzKGFXf3HhSR2m3SH9tj8="></latexit><latexit sha1_base64="LqR5PoVzKGFXf3HhSR2m3SH9tj8="></latexit><latexit sha1_base64="LqR5PoVzKGFXf3HhSR2m3SH9tj8="></latexit>

ILC [1710.07621]

This is not the only Higgs production
which has a peak at 250GeV at e+e- colliders.
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なぜこのプロセスに興味を持ったのか？
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+K. Mawatari

Loop effects on the Higgs decay widths
in extended Higgs models [1803.01456, PLB]
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Higgs decay: h → Z Z* → Z f f~

 10

Kanemura, Kikuchi, KM, Sakurai, Yagyu
[1803.01456, PLB]

＊See Kodai Sakurai’s poster today

THDM THDM

THDM 
= Two Higgs Double Model

HSM
= Higgs Singlet Model



                            Kentarou Mawatari (Osaka U.)PPP2018 - Kyoto - 2018.8.9 /22

Higgs production: e+ e- → h γ

 11

×××
no tree-level couplingby gauge inv.
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e+ e- → h γ in the SM

 12

Barroso et al (1986), Abbasabadi et al (1995), Djouadi et al (1996)

Unfortunate destructive interference among the different contributions…
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e+ e- → h γ in new physics models

 13

H+
H+

H+

● κf

● κV

● κV

?

Can new physics enhance the production rate?
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3 extended Higgs models

 14

H+
H+

H+

● κf

● κV

κf (=t) κV H+ H++

IDM 
(Inert doublet model) 1 1 ○ ×

ITM 
(Inert triplet model) 1 1 ○ ○

THDM 
(Two Higgs doublet model)

sβ-α 
-cβ-α/tβ

sβ-α ○ ×

Arhrib, Benbrik, Yuan [1401.6698, EPJC]

We employ the H-COUP program to compute the loop amplitudes in each model.
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e+ e- → h γ in the IDM

 15

H+
H+

H+

● κf=1

● κV=1
● κV=1

* An additional Higgs doublet with an exact Z2 symmetry

Lighter charged scalars with a negative λ3 can enhance the production rate.
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* λ3>−1.4 by vacuum stability
and perturbative unitarity.
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(e+e-→hγ) vs. (h→γγ) in the IDM

 16
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• Strong positive correlation.
• Stronger constraints for light H+ by the Higgs measurement.
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e+ e- → h γ in the ITM

 17

H+,H++

● κf=1

● κV=1
● κV=1

H+,H++QS

QS

* An additional Higgs triplet with an exact Z2 symmetry
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If mH++,+～100GeV, a positive λ3 can also enhance the production rate.

* λ3>−1.4 by vacuum stability
and perturbative unitarity.

* λ3<λmax by  
inert vacuum
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(e+e-→hγ) vs. (h→γγ) in the IDM/ITM
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In the ITM, We can find a particular parameter region where the hγ production 
significantly increases, but still remaining the h→γγ decay as in the SM.
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e+ e- → h γ in the THDM

 19

H+
H+

H+

● κf

● κV

● κV
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* An additional Higgs doublet with a softly broken Z2 symmetry

* λ’3>0.1 by vacuum stability.

Except the small mixing effects, the qualitative behaviors are similar to the case in 
the IDM, but the enhanced parameter region is excluded by the TH constraints…
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(e+e-→hγ) vs. (h→γγ) in the THDM
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Possible deviations from the SM prediction are minor in the viable parameter space.
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250 GeV vs. 500 GeV (IDM)
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The correlations are different. ➡ A possibility to access more information on the Higgs sector!
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Summary

• h+γ production at ILC250 is an interesting channel, although the cross 
section is rather small, σ～O(0.1fb).

‣ The cross section is peaked at E=250GeV.

‣ Beam polarization can enhance the cross section.

‣ The signal is clean and very sensitive to New Physics.  

• By using the H-COUP program, we have been studying the process in 
various extended Higgs models, such as IDM/ITM/THDM, systematically. 

‣ Light charged scalars (mH+～100GeV) can enhance the event 

rates by a factor of 2 at most under the theoretical and 
experimental constraints.

‣ In the ITM, we can also find a particular parameter region where 
the hγ production significantly increases, but still remaining the 
h→γγ decay as in the SM.
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