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Å450GeV Higgs

Higgsstrahlung
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WW fusion
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LHC ɲa
ɲaҐƳόb[{tύ-m(LSP) 

soft jet lepton visible energy 
QCD BG LHC Č ILC 

×

Naturalness O(100) GeV Higgsino
Z ~ Higgs ~ Higgsino ₩100GeV
RNS model   (Radiatively- driven natural SUSY)

Higgsino ˔ мΣ    ˔лнΣ    ˔лм ό[{tύ  ǧM

Higgsino mass Č SUSY parameter e.g. M1,M2,tanȁ)SUSY breaking

benchmark study ǧM:1 ~20 GeV
₩1%

mass 
spectrum

ILC Higgsino

Chargino neutralino

ILC

ǧM<O(10)GeV
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Model-dependent: assume generation universality, no BS M decays

HL-LHC 

ILC ~8

ILC ~20

ILC LHC



Model-dependent: assume generation universality, no BS M decays

ILC
1%

9 parameter 
fit LHCNoassumptionson universality

Vertex

b/c-tag

Higgs model independent

Å ILC ~8 yr

Å ILC ~20 yr

Å ILC LHC

Å ECM=250 - 500 GeV
Higgs

Å ECM=550GeV
Kt 3%



HƂWW,(ZZ)
Å Ÿ

ŶRecoil study

Ŷ study

Ŷ study

ŶHŸWW

ŸZZ*
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HŸZZ

(Br 2%)



X=Z or W 
Higgs

ECM = 250 GeV

ZH WW fusion

ECM= 350 500 GeV WW fusion 250 GeV

ũtot

Higgs Higgs Higgs ũtot

ũtot = ũ(HĄXX) / BR(HĄXX) : X

g2
HXXӒ ũ(HĄXX) = ũtot * BR(HĄXX)     (BR:



Higgs top SM

t

t

e.g. Top pair ů

AFB,  Ahel ,  ALR  Fttɔ1L,   F
ttɔ

1R,   FttZ
1L,   F

ttZ
1R

Amjad et al. 

arXiv:1307.8102

Top

top @ECM=500 GeV

ttZ/ Č Higgs

(ILC

top SM

top ₩1 TeV)

Discrimination of various new physics models with EW top couplings. 
[1506.05992], based on [Richard, 1403.2893]

ttZ

ttZ

ttZ coupling 

ILC LHC Higgs exclude (68% CL )
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ПАϽІχל ρ
χ

ל ︣ τϢϥ

ZH (ѭZH )   ρПАϽІל
(M H) 
χ

ПАϽІΥ ΰο βϥZτ ΰο

ZΥ ᵗῇχйФЕр χ֫ χϙ
βϥ

ПАϽІχ͐ᾕ֫

ל ECM = 250 GeV ZĄ

ПАϽІϬ ΰοΜϥχτ
ПАϽІϬ ᾋσΜ
Č SMτσΜПАϽІ ᵗπϜ

i.e. ЯДи Ӣ

20 ḧ֫ Τϣṍ ήϦϥ ʿ
HZZὫ› ʿ 0.4% чMH=14 MeV

MH=125 GeV

ѭZHχ ψПАϽІ ᵗ
ṅ ρὫ› χ τ

ПАϽІל (M H) = Zχ ל

χḧ ┤ 2
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ILC τΣΜοϜ ΰΜ ʿ
Å Υ ήΜ (~0.2 fb )
Å ‹ρỸ ᴦ σBG ρḄ

ПАϽІЪГрЄаиχἹϬ Ϥʺꜛ χ Ϧχ
ᾁ άχ ΥΩ τπΦϥχΥILC

ПАϽІꜛᾪὫ›

ECM=500GeV ǧȈ/Ȉ= 27% ECM=1 TeV ǧȈ/Ȉ= 10%   

ПАϽІꜛᾪὫ›Υ

χḧ ┤ 3

ὉϵКиϻ˔ 500GeV
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ЅϴАЕ

tt_barH @500GeV

ЕАФ Ὣ›

e+e-Ą ttHЕАФψ σ ∕ʿ
ԁ Μϼ϶˔ϼʺПАϽІρԁ ếΨ ῀⌠ βϥ
̠ ЕАФϬ βϦω ϒχ︣ᶝϤ

ˣ ЕАФΥ › ◓τσϥ ›ПАϽІ ἷ
ĄЕАФ Ὣ›(yt)ΥSMΤϣγϦϥ

ILCχᾁ ṀϬ Ԍΰο Ϛẕớχ

χḧ ┤ 4

ECM=500GeV ǧyt/ yt = 6% ECM=1 TeV ₩1%  

Å τ χЅϴАЕ
Å ПАϽІ ΥbϼϷ˔ϼЅϴАЕ τ ᵗβϥⱧ
Ϭ

Å ЕАФ ᵗˢЅϴАЕϞйФЕрχ ˣπ ΰ
οᵔ βϥ

ὉϵКиϻ˔ 500GeV
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t

ᶆ ớ πχЕАФ ρ Ϭ
ΰʺ₮᷊֒Φχ  ԍ◓ Ϭ

Amjad et al. 

arXiv:1307.8102

ЕАФχᶑ χ™ 

ЕАФχ ʾ ᵗχ

ЕАФὫ› χSMΤϣχ
ЇйΥ Ϭꜘ€βϥ

ˑσ ἷπχЕАФχӰ Ὣ› ˢ ІϾ˔и˙1 
TeV)

Discrimination of various new physics models with EW top couplings. 
[1506.05992], based on [Richard, 1403.2893]

ttZ

ttZ

ttZ
coupling χ

ILC LHC Higgs exclude (68% CL )

Р˔Э ớ (ILCχếϙˣΥ

ὉϵКиϻ˔ 500GeV

χḧ ┤ 5

₮᷊Φ

᷊֒Φ



ᾓχḢם× Τϣʿ
LHCπ ήϦγτ▪ϥχψчMΥ ήΜ ӽ
Å чMΥ ήΪϦωˮᾋΠϥ˯ ‹ψ ϵКи
ϻ˔χЅϴАЕϞйФЕр

Å LHCχ σ ὂⱧ τ ϜϦοΰϘΜʺ ┤
Υớϛο₉ Č ILC χ

ILCπχ ◓ ┤

ILC

ʾ
ʾ

ʾ

LSP

NLSP

χ ◓

ל

ILCπψчMΥ ήΜˢ<˙O(10) GeV)χ
ϢΞσSUSY ◓χ ᾋΥṍ ήϦοΜϥ
чM :  ԁ ὖΜ ◓(LSP)ρ͎ τὖΜ ◓(NLSP)χ
ל ₯

× χḢ Τϣʿ
Naturalness ψZЩЊрל ρПАϽІל
τựΜל ˢO(100) GeV) ϬⱱνὖΜSUSY ◓Ϭ
ᾠ
ԁ τǧMΥ ήΜ

χ ┤

ǧM

ϵКиϻ˔Υ
Μ

75



ILCπχὖΜSUSY ◓χ

Р˔Э ớϬἄ►βϥΰο
ήϦθ ◓χ Ϭל ϓ
ϥ

χ ┤ 1

ὖΜHiggsino

ὖΜWino

ὖΜStau

LSP

LSP

LSP
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Å DM │ILC≢ ⌂◄Ⱡꜟ◑כ ⌐№╢ ⅜ ™
Č ILCπ∕─ ⁸ ⁸ ─ ╩ ⇔≡™╢

BR( HĄinvis .) < 0.4% at 250 GeV, 1150 fb -1

Higgs Invisible Decay Monophoton Search

MDM < M h /2
hard ISR 

photon tag

BR(H->invis) ΥSM ΤϣγϦθϣBSMϬꜘβ
┤βϥDMל ψECM/2Ϙπᴦ

A.Ishikawa

Ӛ⁷ χל ┤@ILC

ќ M DM χ ᾢ

~ ( Ecm ïEȂ)/2

Å ⌂DM │ ™

SUSY χ ‹ (DMχ ᵗϬ Ξ)τ ʿ ὖΜHiggsino, ὖΜ
stau σς

WIMPʿЀжϱЍ˔πχӚ⁷ ל ┤ψ ┤ʾḧ ┤(֓ σς)ρ

χ ┤ 2



ILCψᴡϬ ẐβϥχΤˁ

Å ἷχ ◓Υ οσχΤˁ ψ͐νΰΤσΜχΤˁ

ÅӚ⁷ χל ψˁ

Å ʾל ל
◓ρ ◓ψ ΰ Ττ ל ◓χϙ▪μθχψσεˁ

Å פֿ χ Ϧχ ὂτΚϥ ם
Higgsψ ◓Τˁ ͍νΰΤσΜχΤˁ

Å ԁψΤσΞχΤˁ
σς Υᾁ πΦϦωʺ ₳ Ϭ ΠBig Bang ῇχ ԁχϵКи

ϻ˔Ϙπ Ϥ ν Ϭ︣τΜϦΞϥ

Å ILC πψ ◓ ●Ϭ ήδʺ֓ ͍ χ͍ ῇχ‰ϵКиϻ˔ ᴂ
Ϭ™ᾝΰ ϓϥάρτϢϤʺל χṞᾛϞⱲἋ  ʺ֓ χ τ Ϛ

Å ILCρLHCψˢζϦηϦχ ϬᶨΤΰοˣ ḁΰσΥϣᾆẕϬ“Ξ



ILCψenergy frontier χe+e -ЀжϱЍ˔
ϼз˔рσםᾓḕẽρ σᾁ ṀχΣΤΫπ‰ σ
ϵКиϻ˔ρР˔Э ớϬ ᴦ Č χ Ϭ︡Ϥ δϥ

ILCχ Υ ◙βϜχʿ

┤Ϭ ΰο π ᵔὨσᴿ τ ϥ
EWSBχ ῇχ ʺHiggsψ ◓σχΤʺӚ⁷ ʺל
НзϷЅϴКЄІʺ χ ԁʺ Ἃχӗ ʺ ect ˜˜

(1) χᾁ Τϣ Ϭ ┤
ILCπΰΤ σΜ πHiggsϞtop quark χ Ϭ“Ξ

Č ΤϣχЇйϬḇ ΰο Ϭ ᾋΰʺ
ЇйχОЌ˔рΤϣ χЯДиϬ βϥ

(2) ◓χ ┤
◓ʺӚ⁷ ל ̠ LHCρ τ“Ξ

ILCπΰΤ σΜϜχΥθΨήϭΚϥ˂

Ϙρϛζχ͍
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Å₈ῇχLHCʺζΰο χILCꜛ χםᾓὫᴮτ μο
ILCχםᾓὓᵊϬ ᴦ

LHC Run 2χὫᴮτ Μτṍ

üLHCπ ᾋΥΚϦωILCπ ₰

ὖΪϦωILCπ

ΪϦωḧ ʿ

βϥ ◓χ ┤ʺHiggsρTopχ τϢϥᾁ

üLHCπ ᾋΥσΨοϜILCπ ◓ ᾋχᴦ ΥΚϥ
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LHC≤ILC─

p
p

LHC: 

Å Ⱳ 13000 GeV

Å ֻ ἧֿṲ

Åʝ ֚ꜘ ʦ

Å ˗ ẉ

Ѯ
ἧ

ἧ

e+ eī

ILC: 

Å Ⱳ 500 GeV

Å ἧ( ἧ ἧ) ֚ꜘ

ÅЋ ֚ꜘ ̓

Å ˗ ᾜ

ὕ ṑ

= 
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LHC≢│≥─╟℮⌐ ⅎ╢⅛

HŸZZ*Ÿɛɛee HŸɔɔ

Å

Å LHC

ÅLHC é

CMS
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∆↔™≤↓╤ : ILC≢│≥─╟℮⌐ ⅎ╢⅛

e+e-ŸɜɜH

Å

Å

Å :

D view

ÅILC é



ILC─
Ɫ♪꜡fi◌꜡ꜞⱷכ♃

◌꜡ꜞⱷכ♃

♁꜠ⱡ▬♪Ⱶꜙכ○fi

ILD

ᾁ Ṁ

ᵗ ᾁ Ṁ ʾ֫

ᾁ Ṁ ֫ ʾ

ꜗϸкзЮ˔
Ќ

Ί◓ʾ ◓χ
ϵКиϻ˔

МЖкр
ϸкзЮ˔Ќ

ζχ ◓χ
ϵКиϻ˔

Ьв˔Ϸрᾁ
Ṁ

Ьв˔Ϸрχ
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☿fi◘כ◘▬☼ ILC
LHC

(ATLAS)

5×5 mm2 400×50 mm2 800

1×6 mm2 13 mm2 2.2

כꜞ꜡◌
ⱷכ♃

5×5 mm2 39×39 mm2 61

ILC
⌂ ≢╙ ⌂

◄Ⱡꜟ◑כ ⅜
≤⌂╢╟℮

ה ⌂
≢

∆↔™≤↓╤ : ILC─ ה

™ ─ ╩
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Å♄כ◒ⱴ♃כ┼ ∆╢

A≤B─ ─ ⅜ ↕™≤ ⅎ╢◄Ⱡꜟ◑כ╙ ↕™

ILC⌂╠ ILC ⅜∆↔™

B
כ♃ⱴ◒כ♄

B
כ♃ⱴ◒כ♄

eǸ

e+

A

A

─
ⅎ╢

─
ⅎ╢

∆↔™≤↓╤ : ILC─ ה ⌂╠
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A
B

ILC≢
( ⅜∆↔™)



ⱥ♇◓☻

⅜ ™
ⱥ♇◓☻ ┼─ ⅜ ⅝™

ⱥ♇◓☻

⅜ ™
ⱥ♇◓☻ ┼─ ⅜ ↕™

β ⌐│ ─ ₁⌂ ≢ ─ ╩ ╕∆ ( ⱥ♇◓☻ )

≢
™◄Ⱡꜟ◑כ─
⌐▪◒☿☻

─
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☻Ⱨfi─

≤│ ⅛

⅝☻Ⱨfi ⅝☻Ⱨfi

☻Ⱨfi─

ILC│ ( )─ ╩ ≢⅝╢

( ─☻Ⱨfi 1/2)

⌐ ∆╢☻Ⱨfi─ ⅝≢
ה ⅜ ╕╢

eī eī
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W+Wҍ

W+Wҍ

Å ⌐╟∫≡ ⅜ ╦╢
Ҧ √™╙─⌐ ∂≡ ╩

eī e+

⅝ ה ⅝

eī e+

⅝ ה ⅝

─

∆↔™≤↓╤ : ─
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ₐW/Z ₑ ─

ₐⱥ♇◓☻ ₑ ─

Å ⌐╟∫≡ ─ ⅜ ╦╢
Ҧ ─ ⅜≢⅝╢

eī e+

⅝ ה ⅝

eī e+

⅝ ה ⅝

∆↔™≤↓╤ : ─
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W
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V ű

vacuum
Ǵ

űϚ

V ű

vacuum

Ǵ
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