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Mysteries of the Standard Model
Generation♦

Who ordered the same packages which possess the 
same quantum numbers in the Standard Model ?

Mass hierarchy♦

Flavor structure♦
What determine the small/large mixing pattern of 
the quark/lepton sector.

Why so different the masses of quarks/leptons are
in the Standard Model ?
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Purpose
We want to clarify mysteries of the 
Standard Model

◆ Generation
◆ Mass hierarchy
◆ Flavor structure

in the context of higher dimensional 
gauge theories.
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Gauge fields do not feel point interactions.
Fermions feel several point interactions.★

Higgs & single scalar feel one point interaction.★

No flow of the probability current through 
the point interactions

★

compatible with 5d gauge invariance★
action principle★{ etc.

★

♦

5d fermions (one generation)★

5d Higgs & singlet scalar★{
♦5d gauge theories on a circle

with 

Introduce point interactions

♦ Impose boundary conditions

Setting  4



Lepton Flavor Structure from Point Interactions in an Extra Dimension

Yukihiro Fujimoto ( Kobe Univ. ) , 2013.08.20 , 場の理論弦理論 @ Yukawa Institute

Boundary conditions  5



Lepton Flavor Structure from Point Interactions in an Extra Dimension

Yukihiro Fujimoto ( Kobe Univ. ) , 2013.08.20 , 場の理論弦理論 @ Yukawa Institute

Boundary conditions
♦Gauge fields

 5

⇢
AM(L) = AM(0)
@yAM(L) = @yAM(0)

Periodic boundary condition★



Lepton Flavor Structure from Point Interactions in an Extra Dimension

Yukihiro Fujimoto ( Kobe Univ. ) , 2013.08.20 , 場の理論弦理論 @ Yukawa Institute

Boundary conditions
♦Gauge fields

♦Higgs field

⇢
AM(L) = AM(0)
@yAM(L) = @yAM(0)

H(y + L) = ei✓H(y)
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Quark sector PTEP (2013) 023B07,  arXiv : 1301.7253 [hep-ph] 

m4d ⇠ Y5d

Z L3

0
dy h�(y)ihH(y)i ̄0 

The terms
are forbidden by the following  Z   symmetry.2

�(y) ̄0 H(y) ̄0 ,

H(y) ! �H(y)�(y) ! ��(y) ,

!
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