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Higgs Physics 
Michael Peskin often references a talk by Lev Okun that he heard  at the 1981 Lepton-Photon  
Conference in Bonn, Germany.   Okun declared  in his summary talk that  the #1 problem  
in particle physics was to search for and study the Higgs boson.   Okun emphasized  
the dichotomy between our detailed knowledge of  particle interactions based on gauge 
symmetry and our  ignorance of mass: 

*

*  From Michael Peskin's talk at HPNP 2015 Toyama Japan

T.Barklow



Deviation in Higgs Couplings

mass

mh

mA

The size of the deviation depends on  
the scale of new physics.

New physics at 1 TeV gives only a few percent deviation.   
We need a %-level precision to see such a deviation → ILC 
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Example 1: MSSM (tanβ=5, radiative corrections ≈ 1)

Example 2: Minimal Composite Higgs Model
heavy Higgs mass

composite scale

Decoupling	
  Theorem:	
  Λ↑	
  →	
  SM



Theory
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Fingerprinting new physics by measuring Higgs couplings        Shinya KANEMURA 

Fingerprinting!

2HDM

Minimal Composite

Singlet mixing

2+7

2+1
2+3

Other ρ=1 possibilities 2HDM

Kb

Kτ
KV

KF
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 Indirect reach of heavy MSSM Higgs mass scale by measurements of Higgs BR’s  at future LC    Mitsuru KAKIZAKI 

Loop level analyses started and it helps!



lepton colliders have a chance to probe multi TeV scale 

small At solutions

RF=2%

ττ: 2.1TeV ττ: 4.6TeV

bb: >6TeVbb: 2.6TeV

How)large)can)deviation)be?

all At solutions

Endo

Sensitivity might reach a few TeV!



Experiment
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At ILC all but the σ measurement using recoil mass technique is 
σ×BR measurements. 
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At LHC all the measurements are σ×BR measurements. 

The Key

Key Point

σ 
from recoil mass

g2HAA / �(H ! AA) = �H ·BR(H ! AA)

Z→qq is also usable.

WW-fusion is crucial 
for precision total 
width measurement 
→ Ecm > 350GeV
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Leptonic Higgs Recoil Mass Study with ILD at 350GeV     Jacqueline YAN 

Z

h

μ+

μ−

e+

e

Z X

−

New!  350GeV analysis + improved cuts 
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Hadronic Higgs Recoil Mass Study with ILD at 250GeV      Tatsuhiko TOMITA 
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Decay mode-dependence being reduced!
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Branching ratio study of Higgs boson decaying into tau pairs with ILD at the ILC    Shin-ichi KAWADA 

Update to mh=125GeV almost completed!
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Higgs Projections                Junping TIAN H
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Various analysis improvements!
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Higgs Projections                Junping TIAN 

ZHH-vvHH complimentary
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Top Quark Physics      Marcel VOS 4-loop mass formula

Simultaneous extraction of all form factors!



Running Scenarios



J. Brau/ILC Parameters Jt WG    -    April 21, 2015
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G-20

SnowI-20

H-20

350 GeV added
to white paper

Recommended 
sample scenario
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Higgs Measurements 

ILC parameter WG report      Jim BRAU 

Most couplings reach <1% 
even with model-independent 
fitting

Self-coupling reaches <30% 
for SM case. 
<15% if lamda=2xSM



J. Brau/ILC Parameters Jt WG    -    April 21, 2015

500 GeV vs. 550 GeV
&   ttH
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550 GeV is 2.4 precision improvement over 500 GeV
- Failing to achieve 500 GeV loses reach quickly

σ"H$$
|Δyt/yt$|�

σ"H$$
|Δyt/yt$|�



Work in progress
Update ILC physics performance for H20


taking into account new results 

(350 GeV analyses, mh update to125GeV,


various analysis improvements)

 


Note:  H20 >> Snow

Stay tuned!



Backup



J. Brau/ILC Parameters Jt WG    -    April 21, 2015

Assumptions
• Full calendar year is assumed to be 8 months at a 75% efficiency (the RDR 

assumption). This corresponds to Y = 1.6 x 107 seconds of integrated 
running. (significantly higher than a Snowmass year of 107 seconds.)

• A ramp-up of luminosity performance is in general assumed after: 

• (a) initial construction and after ‘year 0’ commissioning; 

• (b) after a downtime for a luminosity upgrade; 

• (c) a change in operational mode which may require some learning 
curve (e.g. going to 10-Hz collisions).

• For initial physics run a!er construction and year 0 commissioning, the RDR 
ramp of 10%, 30%, 60% and 100% is assumed over the first four years.

• The ramp a!er the shutdowns for insta"ation of the luminosity upgrade is 
assumed slightly shorter (10%, 50%, 100%) with no year 0.

• Going down in centre of mass energy from 500 GeV to 350 GeV or 250 GeV is 
assumed to have no ramp, since there is no machine modification.  

• Going to 10-Hz operation at 50% gradient does assume a ramp (25%, 75%, 
100%), since 10-Hz affects the entire machine.

•   A major 18 month shutdown is assumed for the luminosity upgrade.

•   Unlike TDR: 10-Hz and 7-Hz operation assumed at 250 GeV and 350 GeV
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J. Brau/ILC Parameters Jt WG    -    April 21, 2015

• Higgs recoil from Z → μμ (expect 1 MeV systematic uncertainty)

• Note - direct reconstruction at 500 GeV in h → bb and → WW shows 
similar level of promise

Higgs mass
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• Fundamental 
parameter of SM, 
important to know in 
own right

• Higgs decay partial 
width dependence on 
mh requires 20 MeV 
mh precision to 
achieve desired 0.2% 
on partial widths


