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Gauge-Higgs unification is very interesting scenario 
because Higgs mass is calculable and predictive 

regardless of the nonrenormalizable theory

Gauge-Higgs unification is very interesting scenario 
because Higgs mass is calculable and predictive 

regardless of the nonrenormalizable theory

There are various explicit calculations of Higgs mass:

●5D QED on S^1 @1-loop           Hatanaka-Inami-Lim
●5D Non-Abelian gauge theory on S^1/Z2 @1-loop

Gersdorff-Irges-Quiros
●6D Non-Abelian gauge theory on T^2 @1-loop

Antoniadis-Benakli-Quiros
●6D Scalar QED on S^2 @1-loop Lim-Maru-Hasegawa
●5D QED on S^1 @2-loop                 Maru-Yamashita

There are various explicit calculations of Higgs mass:

●5D QED on S^1 @1-loop           Hatanaka-Inami-Lim
●5D Non-Abelian gauge theory on S^1/Z2 @1-loop

Gersdorff-Irges-Quiros
●6D Non-Abelian gauge theory on T^2 @1-loop

Antoniadis-Benakli-Quiros
●6D Scalar QED on S^2 @1-loop Lim-Maru-Hasegawa
●5D QED on S^1 @2-loop                 Maru-Yamashita



The reason for finiteness is the following
In the gauge-Higgs unification, Higgs is identified with 
extra components of the higher dimensional gauge field
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Question:

Is there any other finite physical observable?Is there any other finite physical observable?

If there is, natural to guess in the gauge-Higgs sector 
of the SM
One of the candidates: S, T (& U) parameters

Naively, we can expect them to be finite 
similar to the Higgs mass

These parameters are important physical quantities 
to test the SM and constrain the physics beyond the SM
(well-known that QCD-like technicolor is excluded)

( ) ( )( )† 3 † †: , :S H W H B T H D H H D Hμν μ
μν μ 



Results:Results:

In 5D case, S & T are both finite
In more than 5D case, both divergent

⇒ Natural from the power counting argument

However, the gauge-Higgs unification predicts

S – 4 cosθW T becomes finite in 6D cases

because S & T are related by the higher dim. gauge inv.
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S & T parameters are calculated 
as the coefficients of dimension six operators 

in 4D sense
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In gauge-Higgs unification, 
S & T parameters are “unified” due to higher dim gauge inv

S – 4 cosθW T
becomes finite even in more than 5D
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Consider a minimal SU(3) gauge-Higgs model 
compactified on                 　　 with a triplet fermion1

2
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Although this model is NOT realistic, 

　　　　　●

　　　　　●

　　　　 ● SU(2) x U(1) → U(1) by <A5> assumed

Enough to investigate the divergence structure 
for 1-loop contributions to S & T parameters
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Boundary conditions:Boundary conditions:

SU(3) → SU(2) x U(1)SU(3) → SU(2) x U(1)
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Calculation of TCalculation of T--parameter parameter 



T-parameter is calculated from the mass squared difference 
between neutral and charged W-bosons
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●

● Decoupling nature of KK modes

● T → 0 for m → 0 (Custodial limit)
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S-parameter is calculated from kinetic mixing of        &3Wμ Bμ
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Divergence is indeed canceled in S - 2T
[S – 4 cosθW T → S - 2T (SU(3) model)]
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Substituting KK mode expansions

and integrating out 5th coordinate ”y”, 
making a chiral rotation                                to remove iγ5,5 4

1,2,3 1,2,3
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we obtain 4D effective Lagrangian
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Each of mass eigenvalues has a periodicityperiodicity
with respect to m

Mixing occurs between SU(2) doublet component 
& singlet component
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Characteristic feature of gauge-Higgs unification
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4: Perturbativity

Comparing n-loop graph to (n+1)-loop graph 
in (D+1) dimensions, we find the ratio (Λ:cutoff scale)

For the perturbation to make sense, 
　　　　　　　　　　　 the above ratio must be less than one

For example, D=4 case, 

Cutoff scale Λ cannot be largely separated 
from the compactification scale
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This quantity vanishes in the limit m → 0, 
which corresponds to the custodial symmetry limit 

in our model

This quantity vanishes in the limit m → 0, 
which corresponds to the custodial symmetry limit 

in our model

Combining the neutral and the charged W boson 
contributions, we obtain KK mode contributions 
to T-parameter as



2: For higher than 6D, the coefficients of the gauge inv. 
operators with mass dimensions > 6 diverge

Divergences from these operators 
⇒ No prediction in more than 6D

3: Brane localized terms spoil our results?? ⇒ No problem!

@branes forbidden by the shift symmetry
A5 → A5 + ∂5α(x,y)

which is still operative @branes
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