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gauge coupling unification
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concept of this model

—f%1ZZ' gauge boson from

* U(1)' by hand * U(1)"included in GUT group
tree level flavor violation no flavor violation
<[

GUT D [ B A% ;R mechanism
—>flavor violating Z' gauge boson
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Z' gauge boson (U(1)") &I

GUT group, large extra dimensionZzE ML H S
¥k < 7&motivation

* u term problem® fi#
* DM candidate (singlet extension)

* electroweak baryogenesis (singlet
extension)
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tree level flavor violation
through Z' exchange
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50(10) GUT model + 10 matter
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50(10) SUSY GUT model

S0(10) symmetry 1D —EFDsymmetryZ R D

high scale (split) SUSY 0(100) TeV SUSY breaking
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concept of this model (#gYiRL)

—f%1ZZ' gauge boson from
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BR(uW Al —> e Al), BR(L — 3e)
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BR(WL — 3e)/BR(L Al - e Al)
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neutrino mass — inverse seesaw
seesaw mechanism in GUT model
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Inverse seesaw

JTR Mohapatra (1986)
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e up—type quarks
102t @ down—type quarks
o charged leptons

| @ neutrino (normal hierarchy)
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ii. Realistic quark and lepton masses and mixings

|Uckml
097  0.23

0.23 0.97

<0.0086 0.040 1.0
0.83 0.54

0.15

030 —-0.65 0.70

CKM matrix and MINS matrix PDG (2012)
complex phase of MNS matrix is 0.

0.0035
0.041 |,

Quark and charged lepton mass @ m, Antusch, Maurer (2013)

Neutrino mass PDG (2012)

Neutrino mass is upper bound of neutrino mass Riemer-Sorensen et al. (2012)

mass M, == strong |

M, M, = middle

- hierarchy

Mv ==) weak

mixing
Ucky == small mixing

Uyns ™ large mixing



Realistic quark and lepton masses and mixings in SU(5) GUT model
Y,10-10 -5y + Y410 -5 -5 H¥,5 -1 - 55 + M, 1-1 |

1\% 4 %ng-g-f)ﬂ-f)ﬂ
v Ma, Me seesaw ¥
mechanism M,

The 10 quark and lepton induces stronger hierarchies for
Yukawa coupling than the 5 quark and lepton.
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Quark and lepton masses and mixings can be realized if A = 0.22.
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o7t 1 A A3
Uckm = LyLa ~UckMm—type  Usmerype ~| 2 1 22
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small mixing
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as a result of above assumption, \ large mixing
Lu ~ Ld ~ Ru ~ RE ™~ UCKM—type
m===) diagonalizing matrix for 10 of SU(5)

LE ~ Ly ~ Rd ~ UMNS—typE

===) diagonalizing matrix for 5 of SU(5)

Quark and lepton masses and mixings can be realized if A = 0.22.



Realistic quark and lepton masses and mixings in SO(10) GUT model
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In SO(10) GUT model, 10 and 5 quark and lepton induce similar
hierarchy because of unification into 16 rep.
It is hard to realize realistic quark and lepton masses and mixings.
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