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The Standard Model (SM), which is comprised of the Glashow-Weinberg-Salam theory 

describing electro-weak interaction based on SU(2)×U(1) gauge symmetry, quantum 

chromodynamics representing strong interaction based on SU(3) gauge symmetry, 

where the Higgs mechanism has a critical role for giving rise to mass to matter and 

gauge particles, has successfully interpreted phenomena which are observed in reality 

in the field of elementary particle physics. However, several phenomena which have 

not been included in the SM yet are known such as dark matter, neutrino mass and so 

on. Therefore, the SM must be expanded to explain more observation, which is called 

beyond the SM (BSM). In 2012 the SM-like Higgs boson was discovered at the Large 

Hadron Collider (LHC) and the SM was completed through verifications afterwards. At 

the same time, we entered a new phase where we do not have a clear map like the SM 

to lead us to the BSM, and we expect that one of the hints exists in the discovered 

Higgs boson.    

 

A lot of BSM models, such as a general extension of the SM and a super symmetry 

model, predict that Higgs couplings to the SM particles would be shifted because of 

mixing and corrections originating from a new heavier particle and such variation will 

appear with a specific pattern from the SM expectations, or these models require new 

Lorentz structures for describing new interactions between the Higgs boson and the 

SM particles. Therefore, the most important task for elementary particle physicists is 

to explore and verify the structures relevant to the Higgs boson and those couplings. 

One theoretical framework for exploring the Lorentz structures, which is rather 

physics driven, is to employ an Effective Field Theory (EFT) where it is possible to 

introduce higher dimension field operators which satisfy the gauge invariance and are 

restrained with inverse power of a new physics scale. The EFT can verify the structures 

more model-independently compared to the traditional κ-framework. Furthermore, 

measurements which are not related to the Higgs boson can also effectively contribute 

to constraining the Higgs related Lorentz structures in the EFT.      



 

 

 

In this thesis, we focus on the couplings and the structures between the Higgs boson 

and the vector bosons, γ, Z, and W, which are a critical part in the Higgs sector of the 

SM, especially responsibility for the mass generation. By introducing relevant 

dimension-6 field operators to the VVH (V= γ, Z, and W) couplings under the EFT, an 

effective Lagrangian is given, which naturally includes the anomalous VVH couplings 

after imposing the symmetry breaking. Effects coming from these anomalous VVH 

couplings will appear in cross-sections of corresponding processes and kinematical 

shape distributions as deviations from the SM expectations. We expect that the future 

International Linear Collider (ILC) can perform measurements for these anomalous 

VVH couplings very precisely.     

 

To evaluate the reachable sensitivity to these anomalous VVH couplings at the ILC, 

full detector simulation was performed at both operation energies of √s = 250 and 500 

GeV using the International Large Detector (ILD) model, which is one of the detector 

concepts of the ILC. The evaluation was done by analyzing all Higgs production 

processes such as Higgs-strahlung, ZZ-fusion, and WW-fusion, and also the decay 

channel of H→ WW, where all SM background are also considered. To evaluate the 

variation of the kinematical shape distributions, a detector response function is 

considered, which can describe smearing effects derived from detector resolution and 

physical effects. The response function can apply to any generated distributions to 

transfer the distribution to the detector-level distribution. The beam polarization, 

which is one strong point of the linear collider, can also give impact on 

disentanglement of γ and Z by exploiting the physics that the gauge fields B and W3 

differ in their interactions, and give the sensitivities to both of the anomalous ZZH and 

γZH couplings. It turned out, as our results, that the reachable sensitivities to the 

anomalous VVH couplings, assuming a certain ILC full operation program, are 0.55%, 

0.17%, and 0.27% for the anomalous ZZH couplings of ηZ, ζZZ, and ζtZZ. The reachable 

sensitivities to the anomalous γZH couplings are less than 0.06% for both ζAZ and ζtAZ. 

The reachable sensitivities to the anomalous WWH couplings are respectively 

0.45%~0.80%, 0.88%~1.72%, and 4.40% for ηW, ζWW, and ζtWW.       
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