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The SM Higgs sector
• Gauge structure:  SU(3)C×SU(2)I×U(1)Y

• EWSB： SU(2)I×U(1)Y → U(1)EM( ) ( ) ( )

A Higgs doublet

Light Higgs  → Weak coupling
Heavy Higgs → Strong couplingHeavy Higgs  →  Strong coupling

Fields obtain masses from VEV.

Gauge interaction
(Higgs mechanism)

Yukawa interaction



Mass-Coupling relation in the SMMass Coupling relation in the SM

All masses are given in 
proportion to a unique VEV

The SM is tested by using
Not measured

this universality

Measure bothMeasure both 
the mass and the coupling! 

In general this relation does not hold inIn general, this relation does not hold in 
the extended Higgs models.



What we know about the nature of 
Higgs already?

Essentially 
• Nothing is known about Higgs-to-gauge coupling

Nature of Higgs mechanismgg

• Nothing is known about Yukawa coupling• Nothing is known about Yukawa coupling
Nature of fermion mass generation

• Nothing is known about Higgs self-couplingg gg p g
Nature of EWSB



SM Higgs Mass 
the last unkown parameter of the SMthe last unkown parameter of the SM

Data Theory

Martin
Favor a light Higgs boson  if the SM is correct

Martin



Post Higgs ProblemPost-Higgs Problem
SM Higgs sector=Ugly

Lots of problems which the SM cannot explain.
Negative mass in the potential?

SM Higgs sector=Ugly

Negative mass in the potential?
A spin 0 particle:      Unnatural behavior in UV area 

fine tuningg
Nature of Yukawa coupling 

Why only top quark obtain a natural size mass from  
the EWSB point of view?the EWSB point of view?

– Paradigm for gauge unification
– Neutrinos
– Cosmology   Baryogenesis, Dark Matter, Dark Energy

The SM cannot be fundamental.
New Physics solve these problems. Where?   Tera scale!



ILCILC 

• LHC starts this year
Higgs or anything may be found in a few yrsgg y g y y

• ILC solve Post-Higgs Problem
– Reconstruct Lagrangian of physics beyond the SMReconstruct Lagrangian of physics beyond the SM
– Measure precisely mass, spin, couplings of the SM 

and also NP particles.p
– Precise measurements 

requre higher order calculationrequre higher order calculation 



Higgs massHiggs mass 

Higgs boson mass
– LHC  [ 1GeV ][ ]
– ILC    [50 MeV]

recoil mass measurement Ohlerich– recoil mass measurement    Ohlerich



Recoil Mass Analysisy
M.Ohlerich

Higgs strahlung 
• Recoil Higgs mass (Model Independent)

• Coupling strength

Simulation study
SM mH=120GeV

F ll t tiDetector
Simulation

Full reconstruction
of isolated leptons





Top quark massTop quark mass
• Most important parameter which affect many predictions• Most important parameter which affect many predictions  

• We want to have 0.1% accuracy for mt
EWSB (i di t H d t i ti )EWSB (indirect mH determination)
Indirect determination of new physics parameters 
(eg SUSY parameters, …, GUT informaiton)

– Threshold scan of ttbar            accurate mt measurement possible    
– Direct mass reconstruction      

Combined information with higher order calculation can make  
it possible to determine new physcics parameters. 

EX) Theory calculation in MSSMEX)   Theory calculation in MSSM 



Top-Pair Threshold StudyTop Pair Threshold Study
• Theory• Theory  

– QCD      Fixed Order (NNNLO)             Kiyo
RGE (NNLL) HoangRGE (NNLL)                           Hoang

– EW      
• Experiment• Experiment  

– Development of ttbar MC                   Gournaris
– Luminosity Spectrum Boogert– Luminosity Spectrum                          Boogert

• Application 
– stop-pair threshold Sopczak– stop-pair threshold                             Sopczak
– tth production                                     Hoang



Theory talk for threshold ttbar production

Kiyo
Hoang



Experimental study for ttbar 
threshold



Scalar TopsScalar Tops
Sopczak, Finch, Freitas, Milstene, Nowak, Schmitt
• From discovery sensitivity (Morioka’95) to precision 

mass determination.
• Importance of beam polarization, e+ pol. in addition.
• c-quark tagging vertex detector benchmark and 

finding c-jets in multi-jet scenarios.
• SPS-5 parameter and cosmology-motivated small 

neutralino-stop mass difference studied.
• Method with two center-of-mass energies, one at 

threshold, increases mass determination much, and 
gives ΩCDM uncertainty similar to WMAP.



Top mass determination in the 
continuum

• Direct reconstruction of invariant mass 
distribution of   t->Wb. 

• Which mass is reconstructed?
N t l k “J t M ”• New conceptual work         “Jet-Mass”

A.H.Hoangoa g

Details  see Loop Summary by Steinhauser



QCDQCD
• Importance of determining alpha s  (goal ~1%) p g p _ (g )
• Gehrman NNLO for 3Jets has just completed.  

Segond
Opportunity to test BFKL at ILC via exclusive 
rho pair production



Ztt WtbZtt, Wtb
A ILC i b V D

TaitNomerotski
At ILC, using better Vertex Detector
Resolution  LEP X2-3
Polarization further X2Polarization  further X2 
(80%e-, 60%e+),
we can make preision 
measurements of anomalous

coupling. New Physics search

Anomalous coupling BoosBoos
Single top production from 
e-gamma collision is the main 
Production mechanism for Wtb



• Importance of

# of diagrams O(200-400)S. Dittmaier

p
• LHC WW:  Most important decay 

for mH > 125GeV
ZZ P i t f

• ILC 

ZZ:  Precise measurement of  
mH (> 130GeV)      (leptonic)

Branching ratio at % levelg
Full reconstruction of 

(leptonic, hadronic)

Radiative correction QCD+EWRadiative correction    QCD+EW 
long history 

PROPHECY4f MC generator with PROPHECY4f
EW and QCD corr.
All final state 4f
Proper description of 
distribution





Anomalous VVH coupling
Rohini Godbole

Unpolarized:      robust limit on 

Polarized beam:Polarized beam:  

Initial state beam polarization 
Improves the sensitivity to 
up to a factor of 5-6 



Higgs CP property via ttH
CP property: very important
• Is it the SM Higgs?

Rohini Godbole

• Is it the SM Higgs?
• CP-odd state?  (A0 in 2HDM?)
• CP mixed state? (CPV in Higgs sector)( gg )
Top decays before hadronization
• Spin information kept=decay distribution 
Parametrize 

SM case:

Study case:

Up down asymmetryUp-down asymmetry
Not so sensitive exccept for b ~ 1
Still polarlization asymm is still a
good observables to study 
pure CP-even, odd cases 



New Physics effect on the Top-Yukawa

K. TSUMURA

– In Effective theory, new hysics effect 
is characterized by dim 6 operatorsis characterized by dim.6 operators

– They are constrained by current data and 
partial wave unitarity

(ttH production   Han et al.)

Top-Higgs interaction in W-fusion

SMSMDim.6 couplings can enhance the 
cross section by several 10 %
Such an effect may be observed 
in the WBF.



Higgs-self couplingHiggs self coupling

M t i t t i• Most important issue
• What we can know from hhh?

Nature of EWSB
W fusionHH-strahlung

– Nature of EWSB
– New Physics models
– EW Phase transition                     

(1 t d 2 d d ?)(1st order, 2nd order?) 

Baur Plehn Reinwater

• LHC  (HH to W4) challenging 
• ILC  Simulation study      

Baur, Plehn, Reinwater

y
Barklow, Boumediene 



HHH measurement at ILC
T. Barklow

+

1

500
2000

s GeV
L fb−

=

e e ZHH qqbbbb+ − → →

e e ZHH qqbbbb+ − → →

with gluon radAll background
Neural network analysis

12000L fb−=

hhh

hhh

g
g

ΔEnergy resolusion dependence large
Effective L gain 40% if the jet energy 

w/o gluon rad

Resolusion is improved from 60% 
to 30%

L l d ff t

α

w/o gluon radLarge gluon rad effect 

W/o gluon rad = 32-38%
Inclu gluon rad =53 63% 90αInclu gluon rad =53-63%

Better b/c-tagging, b/bbar discrimination should improve the result 



HHH measurement at ILC

• Study realized for a center of mass Signal : 3 channels
Boumediene

Study realized for a center of mass 
energy of 500 GeV

• Additional backgrounds w.r.t 
published analysis

Signal : 3 channels
– hhqq

• 6 jetsp y
• mH = 120 GeV, Br(H→bb) = 68%
• Signal cross section 0.18 pb

Δλhhh/λhhh ~ 1 75 ΔσhhZ/σhhZ

• mh & mZ

– hhννΔλhhh/λhhh  1.75 ΔσhhZ/σhhZ
• Presence of 6 jets, 8 jets events → 

overlap → importance of jet 
reconstruction (typical final state for 

• 4 jets
• missing energy

M( yp
ILC physics) • Mh

– hhllThe expected statistical precision on hhh is
• 4 jets
• 2 energetic leptons
• m & m

evaluated to 15% with a typical detector 
configuration and for a luminosity of 2ab-1

• mZ & mh



Higgs in New Physics ModelsHiggs in New Physics Models
SUSY• SUSY 
– FeynHiggs                                            Heinemeyer 
– CMSSM Higgs production Weiglein– CMSSM Higgs production                     Weiglein
– HA production                                       Battaglia
– Stop pair                                                Sopczakp p p

• Little Higgs  
– Discriminate Little Higgs models           Reuter

• Two Higgs Doublet Model                                           
Ginzburg, Krawczyk, Lutz, Maniatis, Osland

• Dim 6 Tsumura• Dim-6                           Tsumura
• SM+Phantom               Underwood



SUSY HiggsSUSY Higgs



CP violating SUSY Higgs SectorCP violating SUSY Higgs Sector
CPV induced at loop level from phases of

Phenomenology differentPhenomenology different 
from CP conserving  case,

Holes in CPX plane:  p
Resuction of coupling by mixing
Large 



New results on loop effects in the 
MSSM i h lMSSM with complex parameters

G. Weiglein





Feyn Higgs for the ILCFeyn Higgs for the ILC
Sven Heinemeyer



HA reconstruction at LCC4 with
F ll Si l tiFull Simulation

Battaglia

[LCC4] DM motivated parameter point to 
characterizes with                           which 
need to study in great deal with high accuracy
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Distingish Little Higgs models
J. Reuter

Little Higgs: Higgs as a pseudo Goldstone boson

Product Group Models
(Littlest Higgs)

Simple Group Models
(Simplest Higgs) Rich collier phenomenolgy(Littlest Higgs) (Simplest Higgs) Rich collier phenomenolgy

Invisible decay



2HDM2HDM

• Often set                          for avoiding FCNC
• Then 2 type Yukawa couplings (Model I or II (MSSM like))e type u a a coup gs ( ode o ( SS e))
• If complex      ,   CP violation 

LCWS2007     Lutz                                  Charged Higgs at LEP
I.Ginzurg,  Maniatis,         Vacuum Structure, Formulation
P. Osland, M. Krawczyk   Constraint on 2HDM, charged Higgs mass



P Osland

Constrain parameters of 2HDM

P. Osland



B+ > tau+ nu M KrawczykB+ -> tau+ nu M. Krawczyk



SM + Phantom model
SM

T. Underwood

SM+P

Spontaneous breakdown of Global U(1)DD 
EWSB

Higgs invisible decay
Model constraint from LEP data, Positivity, Triviality



Out LookOut Look
T l f EWSB d h i i h i i i hi h• To explore nature of EWSB and new physics is the top priority in high 
energy physics
– LHC will open Tera scale p
– ILC then solve Post-Higgs Problem (Reconstruct New physics Lagrangian)

• Highly precise calculation and full detector simulation in various 
observablesobservables
– QCD,EW   Many developments recently
– Coupling measurement Higgs self-coupling, Top-Yukawa

• More new physics scenarios beyond SM  
Little Higgs, 2HDM, dim-6, extra D, phantom,  

Hi Hi lgauge-Higgs, Higgsless, …
• In either way, let us be prepared whatever the outcome from LHC will be.


