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One of the problems in the Standard Model: 
Gauge Hierarchy Problem
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IntroductionIntroduction

Quantum corrections to Higgs mass 
is sensitive to the cutoff scale of the theory
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216Hmδ
π
Λ

≈
Too large!!

(Natural cutoff scale is 
Planck/GUT scale)

Higgs W,Z,γ Top
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In GHU, extra component of higher dim gauge field
is identified with Higgs

where the (local) mass term         is forbidden
by its gauge transformation

In other words, no local counter term is allowed
⇒ No quadratic divergence, finite

regardless of the nonrenormalizability
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Explicit calculations of Higgs massExplicit calculations of Higgs mass

GHU has opened up a new avenue 
to solve the gauge hierarchy problem



Question:

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

Natural to guess in the gauge-Higgs sector of the SM

One of the candidates: Gluon Fusion amplitude gg -> H 
Coefficient of
Dim 5 operator

We can expect them to be finite 
due to the higher dim. gauge invariance

This process are very important
because the dominant Higgs 
production process @LHC

Natural to guess in the gauge-Higgs sector of the SM

One of the candidates: Gluon Fusion amplitude gg -> H 
Coefficient of
Dim 5 operator

We can expect them to be finite 
due to the higher dim. gauge invariance

This process are very important
because the dominant Higgs 
production process @LHC

† a aH HG G μν
μν

a a
y yA A G G μν

μν

( ) ( ), , ,y y y yA A x y i x y Aε ε⎡ ⎤→ + ∂ + ⎣ ⎦



( )nψ

[ ]

( )( ) ( ) ( )( )

( )
( )( ) ( ) ( )

( ) [ ] ( )
( )

( ) ( )
( )

( )( )
1 1

1 sin 2
sin 2 cot : 4, 1 : 5

2 2

2 2 1 1 3 42 2
3 2 0 0

3 23 2
1

2

43 1 2 2 3 3 2 5
1

2 1 4
4

sin 2
2

sin 23
23 2

n n

nmR
nmR mR D mR D

n

D x D

s HD

HDD
n

s
DD D D D

n

m Rg dx dy xy xym
v

n nmR
K Rnm xy

Rn

nmRmg D
nvR

π π
π π

π

π
π

π

π
π

∞ ∞

= =

= = = − =

− −

−

∞

−−
=

∞

−− − − −
=

= − −

×

−⎛ ⎞− Γ⎜ ⎟
⎝ ⎠

∑ ∑

∫ ∫

∑

∑i

 

          

Explicit calculation 
in (D+1)-dim SU(3) gauge theory
with a triplet fermion on S^1/Z2



CommentsComments
Even in realistic compactifications, 
the finiteness remains unchanged

since the information of compactification 
is an IR nature

At higher order loops, divergences from 
subdiagrams have to be renormalized 

by the ordinary procedures

Two photon decay amplitude H -> γγ is also finite
(Main discovery mode in case mH < 150GeV)
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SummarySummary
●We have shown that the gluon fusion amplitude 

gg -> H
is finite in gauge-Higgs unification in any dimension

regardless of its nonrenormalizablity
(striking impact on collider physics!!)

● Gauge invariant operator describing the amplitude
is forbidden 

by higher dimensional gauge symmetry

●This is a new finite physical observable 
other than Higgs mass
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Gluon fusion is the dominant Higgs production process



SM a a
ef gluef hGC Gμν

μν=Lgg -> H
( )

( ) ( ) ( )( ) ( )

2 2
1 2

2
1

1 2

4 1
8 2

42 1 1 sin 1 1
3

S t hSM t
glue

t

F m mmC
v m

F x x x x x

α

π

−

= − × ×

⎡ ⎤= − + − → −⎢ ⎥⎣ ⎦
      

SM contributionsSM contributions

SM
eff hFC Fμ

μγ
ν

ν=LH -> γγ

( ) ( )

( ) ( ) ( )( ) ( )

2 2 2 22
1 2 1

2

2
1

1

4 44 ,
8 3 8

2 3 3 2 sin 1 7 1

SM t W

em t h em W ht Wt W

t W

C C C

F m m F m mm mC C
v m v m

F x x x x x x

γ γ γ

γ γ

α α

π π

−

= +

= − × × = − ×

= + + − →

 

      



( )1
2

MN M
MN MF F i D= − + ΨΓ ΨL Tr ( )5,M iμγ γΓ =

[ ]( )
( )

( )

5

5

1 2 3

, , 0,1,2,3,

2 : :

, ,

MN M N N M M N

a a a
M M M M M

T

F F F ig A A M N D

D ig A A A λ λ

ψ ψ ψ

= ∂ −∂ − =

= ∂ − =

Ψ =

Gell-Mann matrices

Boundary conditions:Boundary conditions:

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

( ) ( )
( ) ( )
( ) ( )

1 1

5 2 2

3 3

, ,, , , , , ,
, , , , , , , , , ,
, , , , , , , ,

L R

L R

L R

A Aμ

ψ ψ

ψ ψ

ψ ψ

+ + + − −⎛ ⎞+ + + + − − − − − − + +⎛ ⎞ ⎛ ⎞
⎜ ⎟⎜ ⎟ ⎜ ⎟= + + + + − − = − − − − + + Ψ = + + + − −⎜ ⎟⎜ ⎟ ⎜ ⎟
⎜ ⎟⎜ ⎟ ⎜ ⎟− − − − + + + + + + − − − − + + +⎝ ⎠ ⎝ ⎠ ⎝ ⎠

(+,+) only has massless mode

Consider (D+1)-dim SU(3) gauge theory on S^1/Z2
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Boundary conditions:Boundary conditions:

SU(3) → SU(2) x U(1)SU(3) → SU(2) x U(1)

Consider (D+1)-dim SU(3) gauge theory on S^1/Z2
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Boundary conditions:Boundary conditions:

Higgs is identified with 0 mode of A5
(KK modes of A5 are absorbed into KK gauge bosons)
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Consider (D+1)-dim SU(3) gauge theory on S^1/Z2
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Boundary conditions:Boundary conditions:

Chiral fermions are easily obtainedChiral fermions are easily obtained

Consider (D+1)-dim SU(3) gauge theory on S^1/Z2
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                         ( )1
2 Wgv M= =

we obtain D-dim effective Lagrangian of fermion
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Essential Point for calculation
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Fermion contributions to gluon fusion amplitudeFermion contributions to gluon fusion amplitude

(D+1)-dim SU(3) gauge theory 
with a triplet fermion on S^1/Z2

Crucial for cancellation of divergencesCrucial for cancellation of divergences


