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1-1. Motivation1 1. Motivation
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1-2. Effective Lagrangian with Higgs 
doubletdoublet

8dim7dim6dim5dim +++++= LLLLLL

New physics can be represented by higher mass dimension operators
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We focused on this 
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1-3. dimension 6 operators including 
Higgsggs

2 point function, TGC, vertices include 
Higgs boson 
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We exchange the operators into HVV interaction vertices as the experimental 

1-4. Operators and Vertices, Form Factors
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： EW precision, S and T 
parameter

： Triple Gauge Couplings



1-5. Optimal observable method
The differential cross section can be expressed by using non-SMThe differential cross section can be expressed by using non SM 
couplings
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Ω is 3-body phase space

number of event in the k-th bin
for experiment and theory
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2-0. Cross section
G V120

2 1 : WW fusion

WWWWWW cba ,, measurement

GeVm H 120=

2-1 : WW-fusion
→ 250GeV-

1000GeV
γγ ZZZZZZZZ cbcba ,,,,

2-2: ZH production
→ 250GeV - 1000GeV

γγγγ bcbcba ZZZZZZZZ ,,,,,
2-3: ZZ-fusion

→ 
250GeV,1000GeV

γγb
2-4: γγ-fusion

→ 
500GeV,1000GeV

γγγγ bcb ZZ ,,
Zγ-fusion

→ very small 
effect

～ ILC phase I                       
phase II

γγγγ



2-1. WW fusion process
I WW f i h i f i

),(),(),(),( TcWWTbWWTaWWTSM pycpybpyapydydp
d Σ+Σ+Σ+Σ=σ

In WW fusion process, the out going fermions are 
neutrinos.
The observable distributions should be
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2-1-2. Combined Results(1)
The results combining each collision energy with beam polarization            
are 1100,250 −== fbLGeVs

1100350 −==+ fbLGeVs

0,0 == +− ee PP

100,350 ==+ fbLGeVs
1500,500 −==+ fbLGeVs

There are strong correlation because there is a combination of 
anomalous couplings which has a large error at each energy experime

1100,250 −== fbLGeVs

1

, f
1100,350 −==+ fbLGeVs

1500,500 −==+ fbLGeVs
1500,1 −==+ fbLTeVs

this means HWW coupling can be measured 
with 0 72% accuracywith 0.72% accuracy

There are still strong correlation



2-2. ZH production 
processThe differential cross section is expressed asp
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γZZZ ,

g
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section 
decrease



2-3. eeH double-tag Z,Zγ,γγ fusion 
process

Final fermions are electron we can use full information of)(ΩΣFinal fermions are electron. we can use full information of )(ΩΣ i

∑ ΩΣ+ΩΣ=
Ω i
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2-4. (ee)H no-tag γγ fusion 
processp

Parametrize the cross section by using the equivalent real photon 
fusion 

here 

i SM 1 l

event contamination 

is SM 1-loop 
contribution

from WW fusion 
process

pTH resolution is set to 3 
GeV



Combined results with ZH process and eeH double-tag, (ee)H single-tag 

2-5. Combined results (2)

1100,250 −== fbLGeVs
1100,350 −==+ fbLGeVs

1100,250 −== fbLGeVs

p g, ( ) g g
process 
with beam polarization 

0.0||,8.0|| == +− ee PP

1100,350 −==+ fbLGeVs
f

1500,500 −==+ fbLGeVs

1500,500 −==+ fbLGeVs
1500,1 −==+ fbLTeVs

The effect of ZH production process @250GeV
1.      cannot be measured independently 

at one energy experiment It is possible to measure
ZZa
at one energy experiment

2. New physics term is proportional to 
Correlation goes small by combining other 
processes

It is possible to measure 
HZZ 
coupling with 0.32% 
accuracy

)( γγ ZZ cb +



2-5. Combined results (3)
Comparison with polarization 0||00|| == PP 00||80|| == PPComparison with polarization                               
and

0||,0.0|| +− ee PP 0.0||,8.0|| +− ee PP
0.0||,0.0|| == +− ee PPTeVs 1=Combine up to                     with

・Strong correlation 
disappears
→ all couplings are 
measured 

independently
・ dose notbaZZ ,

Combine up to                     with 0.0||,8.0|| == +− ee PPTeVs 1=

・ dose not 
change 

by beam polarization

γγbaZZ ,

・ The error of             γγ ZZZZ cbc ,,
become much smaller when   
polarized beam is 

applied

γγ ZZZZ ,,
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-1. Constraints on dim6-Operators, 
& Comparison with other 

iexperiments measurement @ ILC

EW precision measurement 
gives stronger constraint 
about a several factorabout a several factor.

ILC is required Luminosity
at ab-1 scale to get 

Constraint from EW precision ILC results are enough.

comparable constraint

asurement
ILC results are enough.

LC is hopeful for reducing the anomalous 
Triple Gauge Coupling

Constraint 
from
TGC (LEP L3)

most constrained combination

(EWPM)

(ILC)



4. Conclusion
The t-channel and no-tag processes at high energy

We obtain the sensitivity to the ILC experiment on

The t channel and no tag processes at high energy 
experiment are important to measure                
and         couplings

γγHγHZHWW,

We obtain the sensitivity to the ILC experiment on 
HVV      

couplings  by using Optimal observable 
h d
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combinations will be sensitive to quantum corrections 
(EWPM)

The polarization of electron beam make the constraint

(ILC)

 p        
on 

much stronger.  And 
the all couplings are measured very accurately with

),,( γγ ZZZZ cbc



3-2. Luminosity uncertainty

Redefine inverse of the covariance 
matrix with considering Luminosity 
uncertainty (=df)uncertainty ( df) 

※ If df → 0 ：

The luminosity error will 
dominate the statistic uncertainty

df become dominant error.
To make statistic error and df to be

df < 1% is required 
to get the error of az around 1%

region1fb100L −≥region1fb100L −≈

To make statistic error and df to be 
same contribution, df<0.005 is required 
especially at ab-1 scale.

to get the error of az around 1%



Comparison with polarization                                  
and

0.0||,0.0|| == +− ee PP 0.0||,8.0|| == +− ee PP

0.0||,0.0|| == +− ee PPGeVs 250= with

GeVs 250= 0.0||,8.0|| == +− ee PPwith



Comparison with polarization                                
and

0||,0.0|| == +− ee PP 0||,8.0|| == +− ee PP

0.0||,0.0|| == +− ee PPTeVs 1= with

TeVs 1= 0.0||,8.0|| == +− ee PPwith



2-5. e(e)H single-tag Zγfusion 
processprocess

Parametrize the cross section by using the equivalent real photon for un-
tagged side

For 500 GeV

For 1 TeV

Add the contribution of this process to the 
total 
Single-tag process is sensitive to       and

totalV 1−

γγb )( γγ cb −



3-3. ILC measurement 
Contribution to the Tz and SzContribution to the Tz and Sz

When the ILC measurements is combined, 
it gives more strong constraint on the dSz 

and dTz


