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論文内容の要旨  
Summary of thesis contents 

 
Gauge-Higgs unification models are studied as candidates for new physics beyond 

the standard model, which give interesting suggestions about the origin of the Higgs 
field. In these models, extra components of higher dimensional gauge fields are 
identified as Higgs fields so that higher dimensional gauge symmetry protects the 
Higgs mass against quantum corrections. In the thesis, 6-dimensional (6D) 
gauge-Higgs unification models especially are researched.  

First, the gauge-Higgs unification models with the simplest SU(3) model in 5D flat 
metric or warped metric are reviewed, and the 4D effective gauge couplings and 
Yukawa couplings from the 5D gauge interaction are evaluated. The effective Higgs 
potential and the Higgs mass are also mentioned, which are induced by dynamical 
EW symmetry breaking with the Wilson line phase. 

Second, the 6D gauge-Higgs unification models whose gauge groups have custodial 
symmetry (and Left-Right symmetry) are searched, in order to avoid the deviations of 
ρ  parameter and ZbLbL coupling from the standard model, caused by the mixing 
effect with the Kaluza-Klein modes, and that have at least one zero-mode Higgs 
(SU(2)L×SU(2)R) bi-doublet. Besides, restrictions are given on representations that 
the 3rd generation quarks are embedded into in such a way that bi-doublet Higgs 
VEVs are aligned to preserve custodial symmetry. An appropriate charge assignment 
and a group factor of a large representation give desired Yukawa couplings, and the 
top Yukawa coupling is estimated as about 160 GeV. It is found that the most realistic 
candidate is 6D SU(3)C ×U(4) gauge theory on T2/Z3 and the 3rd generation quarks 
are embedded into SU(4) 20′  bulk fermion. The Higgs mass is calculated at 113 GeV 
from the Higgs potential at one-loop level, and the result may be explained by 
quantum corrections.  

Third, it is discussed whether we can realize the generations of matter fields and 
the hierarchical structure of Yukawa couplings in 6D gauge-Higgs unification models. 
In gauge-Higgs unification, the Yukawa couplings become flavor-universal with the 
flat profile of the zero-mode wave functions of the fields that are relevant to the 
Yukawa interactions. One concrete way to avoid such a situation is to change the 
values of the overlap integrals of the Yukawa couplings by localizing the zero-mode 
wave functions at the extra dimensions. Constant magnetic fluxes are introduced 
penetrating compact space as backgrounds of gauge field strengths. In this case, the 
zero-mode wavefunctions of fields feeling the magnetic fluxes become Jacobi-theta 
functions. Positions for each wavefunctions depend on the constant parts of 
background gauge fields, which is called the “Wilson-line phases”, and they can be 
absorbed into the “Scherk-Schwarz phases”. The possible values of them are 
discretized and restricted by orbifolds and values of magnetic fluxes. Zero-modes of 
fields feeling the magnetic fluxes degenerate depending on values of fluxes and ZN 
twist phases of orbifold wavefunctions. This degeneration can be regarded as an 
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origin of matter generations.  

The author focused on a SU(3)×U(1) model with two 3+ 3
-

 fermions of SU(3) as a 

specific example. It is found that the top Yukawa coupling can be realized without a 
group factor of a large representation of the bulk fermion that the top quark is 
embedded into, and the three generation of fermions that appear in the standard 
model can be realized only when N=3. However, It is also found difficult to realize 
other Yukawa couplings because of the complicated structure of the wave- functions 
on T2/Z3. Besides, at least 5 Higgs doublets appear in the three generation case. The 
Yukawa couplings are calculated in the case with one-Higgs doublet, and it is 
concluded that they are often too large to realize the Yukawa couplings except for the 
top Yukawa coupling.  

Finally, a possibility of building realistic 6D gauge-Higgs unification models is 
summarized and future prospects are mentioned. 
 


