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Structure of the Standard Model (SM)

Based on gauge field theory with 
spontaneous sym. breaking

Two pillars:

1. Gauge principle

Æ well established by PEWM

2. Symmetry breaking & mass 
generation

Æ Higgs sector  

Untested! 



Roof: New Physics beyond the SM (BSM)

Problems in the SM

(1) gauge hierarchy problem

Æ need TeV scale BSM 

(2) WIMP dark matter

 Observation 

again, TeV scale BSM!

TeV scale BSM! 



(1) discover/confirm new fundamental interactions

in the Standard Model (SM)  

Æ Higgs sector and mass generation mechanism

establish the other pillar 

(2) discover of New Physics beyond the SM  

and more (precise measurements) 

Æ BSM at TeV scale

put the BSM roof

Mission of Future Collider experiments 



LHC comes firstÆ discovery of Higgs, New particles etc. 

ILC follows  Æ ILC offers more precise measurements

tunable collider energy 

beam polarizations 

high luminosity  

Æ necessary to    establish the other pillar   

distinguish possible BSMs      

Ex) calculate DM relic density by using parameters measured

Ex) SUSY model



Physics sessions

Physics and Benchmark (15 talks)

full simulation studies on benchmark modes 

with different detector concepts 

Joint session with gamma-gamma (2 talks)

THDM & SM Higgs 

Physics session (9 talks)

simulation studies for non-benchmark modes

more theoretical talks   

Summarized 
by Suehara sanÆ

Æ This 
summary



Feasibility of ILC to establish the second pillar 

Mass generation mechanism Æmeasure Higgs coupling

Fermion mass  Yukawa coupling

Gauge bosons  gauge coupling

Higgs mass  self coupling



Studies on  Higgs self coupling & top Yukawa coupling measurements    
at ILC with 500 GeV

``Analysis of 6-jet mode in ZHH’’  by Yosuke Takubo

Near confident obs. 

Next step 

Æ Full simulation



``Measurement of top-Yukawa coupling at ILC’’ by Ryo Yonamine

Preliminary 

Nest step: 

include ttg background

(which would be the main 
background)



``Feasibility study of Higgs pair creation in gamma-gamma collider’’ 
by Norizumi Maeda

For measuring Higgs self coupling

Higgs mass =120 GeV 

Optimized photon collision E = 270 GeV

16 events/year Æ 4.6 sigma (10 years)
Nest step: another modes 

(BR=0.43)



``Role of polarization in probing anomalous VVH interactions at the ILC’’ 
by Sudhansu S. Biswal

Other studies on the SM 

Most general couplings: 



Polarization of initial/final states improves the sensitivity



Studies on New Physics 

SUSY: Study on stau pair production on SPS1a’  by Mikael Berggren



Little Higgs model: 
``Study of Little Higgs Model with T-parity’’  by Yosuke Takubo

Little Higgs partner (T-odd) of   photon                Æ

Z, W bosons       Æ

(Dark matter)



ILC has excellent sensitivity 



``Distinguishing dark matter nature’’ by Masaki Asano

WIMP (weakly interacting massive particle) hypothesis 

Parity

odd
Æ

DM candidate

WIMP dark matter is normally accompanied by charged particle

Charged particle productions at ILC

spin 0          0

1/2     1/2  

1          1

Model example

dark doublet

SUSY 

Little Higgs w/T-parity

Different models



How accurately can the ILC distinguish dark matter properties?

Æ simulation studies are being performed 

results will come out soon 

Angular distribution of charged particles

Dark doublet

SUSY

Little Higgs with T-parity



Studies on Two Higgs Doublet Models

4 typical THDMs by discrete symmetry



Collider phenomenology on type-X THDM by Kei Yagyu

Æ One Higgs doublet has Yukawa coupling with only leptons

A/H production at LHC



AH pair production at ILC



Type-X THDM + singlets by Shinya Kanemura

Model accounting for neutrino mass, dark 
matter and electroweak baryogenesis

Type-X + right-handed neutrinos 

+ 

Radiative neutirno mass Correct DM relic density 

for  

EW baryogenesis

Strongly 1st order 
phase transition is 
achieved 

ILC phys.



Higgs pair production in THDM

``Enhanced multi-Higgs production within the general 2HDM’’ 
by Robert N. Hodgkinson

Trilinear coupling can be large 
for Heavy Higgs



``Neutral Higgs boson pair production in phton-photon
annihilation in the Two Higgs Doublet Model’’ by Rui Santos

Many diagrams: etc. etc.



Many studies on Higgs physics have been reported and 
more results will be obtained near future   

Higgs mass is a big issue for precise measurements of 
Higgs couplings (Yukawa, self coupling) 

Yukawa coupling measurements (c, tau, b) 

Æ Higgs mass < 2 W mass, otherwise H->WW, ZZ hides ff modes

Good news

Also, many interesting ILC studies on BSMs have been 
reported, some of which can/cannot be observed at LHC.  

LHC should tell us something about the next direction 
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