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Motivation

Standard model from string theory

String theory is a candidate of unified theory including gravity

10 dimensional string theory
@ Compactification of extra 6 dimensional space

Our world (standard model) : 4-dimensional space time

We need the 4 dimensional standard model of
particle including all the values of parameters
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Flavor mystery

0.002 ‘ @ Q

three generations for V2

quark and lepton ‘ y
0005‘ @ 5><10 ‘ @

Large hierarchy (u:icit) ~ (1x107°,8%x1073,1)
between generations (d:s:b) ~ (1.7x1073.3.3x1072 1)

small quark mixing Verm| = ( 0.22 0.97 0.04

0.97 0.22 0.0032)
(except Cabbibo angle) 0.008 0.04 0.99

large lepton miXing  in g2, = 0.3, sinf3; =0.5, sinf73~0
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Some candidate of potential phenomenological interest

localized matter fields In extra dimensions

Four dimensional Yukawa couplings from overlap integral

Vige = [ dyP =03 )l ) B ()

Yiik | .
vi(w) () ory) The hierarchirally small

Yukawa couplings may be
obtained from overlap integral.

Mg
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Discrete flavor symmetry

To explain the lepton large flavor mixing
Particle phenomenologist consider several discrete
symmetries which have some interest results

€.9. 837 Dy, A47 S4a Q69 A(27)7

The origin of such discrete flavor symmetries have
been investigated within the framework of extra
dimensional field theory and string theory.
Geometrical interpretation is possible.

c.f. Heterotic Orbifold models

[ Kobayashi, Raby, Zhang 004,
Kobayashi, Ni |l |l es, Pl oger , Raby, Rat z
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V4

Extra dimensional (Yang-Mills) field theory
Il s essential to &

Low energy limit of string theory (Heterotic or D-brane )
-> (Super) Yang-Mills theory in extra dimensions

Yukawa and all the other couplings can be calculablein
principle

GUT and SUSY are definitely included.
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non-vanishing magnetic flux in extra dimensions

Gauge symmetry and its breaking
existence of chiral matters (super symmetry breaking)

Possible to obtain the explicit form of wave functions

— Iinformation about spectrum of matter (generation
number) and calculation of Yukawa coupling

It may obtain phenomenological interesting results
of spectrums and flavor structures (flavor symmetry et c é
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Magnetized extra dimensional models

We start from D=4+2n (super) Yang-Mills with non-
vanishing magnetic flux in extra dimensions.

Four dimensional effective theory is obtained by
dimensional reduction.

We analyze the flavor structure of these class of
models in which we will see that non-abelian discrete
flavor symmetries appear.
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Magnetized extra dimenstions
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Higher Dimensional SYM theory with flux

1 : _
Lsyy = ——=5Tr{FMNFyn} 4+ 55Tr{Ar" Dy A}
4q g

Al y™)

an(il?“)an(ym), ZrmDm'lpn(y) — mnwn,
Apr(a g™ = S onar(@™) X dnar(ym) Nedn () = My pyrdnm

The wave functions —.  €lgenstates of corresponding
Internal Dirac/Laplace operator.
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Higher Dimensional SYM theory with flux U(1)

4
Abelian gauge field on magnetized torus T2 Y5
Constant magnetic flux Fjy5 = 27w M, a5
M€ Z .
ys ~ya+1, Y4
ys ~ ys + 1

Dirac equation in magnetized backgroud

9" + Ai(2)y' |w(y) =0
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Dirac equation

IM| independent zero mode solutions in Dirac equation.
: _ 2 /M . :
O (yaq,ys) = Nje M . 9 { 3/0 } (M (ya + tys), Mi)
(_]ZO,]., 3|M|_1)

Zero-mode = gaussian x theta-function

] [ Z ] (v,7)=>_ emi(nta)?r 2 (atn)(v+b) (Theta function)
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Analysis for Yukawa interaction

[Crreama doers:;, Machecacme 24 Mar chesano, 004

/dyD_4Tr (/_\FMDM)\) — /dyD_4Tr (/_\FM[AM,)\])

Ma]‘NaXNa, O
F — 27T Mb]‘NbXNb ”

O MC]‘NCXNC

v H
(s Yr |,

Vige = [ dyP =4 ek @) @B ()

(My = Mg — My, Mo = My, — M¢, M3z = Mg — M)
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Results of Yukawa couplings

by making use of addition formula for theta functions

orthogonal condition

These forms are same as Heterotic orbifold and Intersecting D-
brane calculations.
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