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Y. Hosotani, “An Introduction to Gauge-Higgs Unification”
ISBN 978-981-98-0097-1, World Scientific Pub. (2025)

Flavor problems
CKM matrix
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content

Matter

B-model (GUT inspired)

Quark (3,4) 1
6

(3,1)+− 1
3

(3,1)−− 1
3

Lepton (1,4)− 1
2

Dark fermion (3,4) 1
6

(1,5)+0 (1,5)−0

(1,4)− 1
2

Brane fermion (1,1)0

Brane scalar (1,4) 1
2

Table 1: The SU(3)C × SO(5)× U(1)X content of matter fields is shown in the GUT inspired
model (B-model).

f gLZf gRZf gL
Z(1)f

gR
Z(1)f

gL
Z

(1)
R f

gR
Z

(1)
R f

gL
γ(1)f

gR
γ(1)f

νe 0.5687 0 3.2774 0 −1.0322 0 0 0
νµ 0.5687 0 3.1207 0 −0.9852 0 0 0
ντ 0.5687 0 3.0165 0 −0.9539 0 0 0

e −0.3058 0.2629 −1.7621 −0.0584 −1.0444 0 −2.7587 0.1071
µ −0.3058 0.2629 −1.6778 −0.0584 −0.9969 0 −2.6268 0.1071
τ −0.3058 0.2629 −1.6218 −0.0584 −0.9652 0.0001 −2.5391 0.1070

u 0.3934 −0.1753 2.1951 0.0390 0.3415 0 1.7807 −0.0714
c 0.3934 −0.1753 2.1147 0.0389 0.3296 0 1.7154 −0.0714
t 0.3938 −0.1749 1.7406 −0.3269 0.2740 −0.7395 1.4121 0.6017

d −0.4811 0.0876 −2.6842 0.1162 0.3297 −0.1801 −0.8904 −0.2113
s −0.4811 0.0876 −2.5858 0.1460 0.3182 −0.2197 −0.8577 −0.2657
b −0.4811 0.0876 −2.1284 0.2900 0.2646 −0.4096 −0.7059 −0.5279
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EW sym breaking takes place.
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m̃ωε =
mωε

k
<latexit sha1_base64="BFfd+5tuUQp9QXbXhgkQVFXBQlI="> xFxrGoqSvr3EMRZuJtIthK8/CNmByJtySie202kFuYp7MPouncmn7H+XLnpit0YtJ1RIXlHnwV6127etf2rl7F0/kOumv17NxBNJ27g9HTZz6dfxRxVCOnOydOg3rSYn+K3ZnI8+DJ9SqcTRX57Z2eMiemptpfWnx7J6enpyfG254ls1CcKIzP3c/PPNJf4Szdpjt0F3knaYae0Cwtor4/maHMvUwh28y+yX7M7irouYzm3KSOK/v5LwTI1KI=</latexit>

V =





0
0

0
0 V12 V13

V21 0 V23

V31 V32 0




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<latexit sha1_base64="JjJ0Fr1RBynEVO1KvGUY1fvLMUk="></latexit>

K |ωω(n) → = εω(n) |ωω(n) →

Mass eigenstates
<latexit sha1_base64="ujiii9b7hg1HXAeij2ip/2YR8NE="></latexit>

|!d → = |ω1(0) → +
3∑

ω=1

∑

n

cdω(n) |ωω(n) →
<latexit sha1_base64="+lKQV3wNYBVh8ype0GDtDyjGrJ0="></latexit>

|!s → = |ω2(0) → +
3∑

ω=1

∑

n

csω(n) |ωω(n) →
<latexit sha1_base64="VOM9JmlJAT2nkJ2Rkwz2WIAYI5U="></latexit>

|!b → = |ω3(0) → +
3∑

ω=1

∑

n

cbω(n) |ωω(n) →
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<latexit sha1_base64="nqHK1JWfIPAso4ozHqIe8N7OqP4="></latexit>

LW
int = →i

gw↑
2
W †

µ(ūL, c̄L, t̄L)ω
µĝWq

L




dL

sL
bL



 + H.c.

<latexit sha1_base64="gmNOoHpIs8kyi3HNarMjG5E8nfk="></latexit>

ĝWq
L =




ĝWud
L ĝWus

L ĝWub
L

ĝWcd
L ĝWcs

L ĝWcb
L

ĝWtd
L ĝWts

L ĝWtb
L





<latexit sha1_base64="+Qf7XvIUHSZ8f+ead2IUbbVi4Zc="></latexit>

(ĝWud
L , ĝWus

L , ĝWub
L ) =

∑

n

(ωn0 + cdd(n) , c
s
d(n) , c

b
d(n)) ĝ

W
Lu(0)d(n)

<latexit sha1_base64="wdTl71PyFL3aFXwgpEvXnqYiPOM="></latexit>

VCKM =




Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb



 =
1

ĝWωee
L

ĝWq
L

W couplings - CKM
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<latexit sha1_base64="jV6/5d5HPsl68GsvJ8CRUJnldiY="></latexit>

VCKM =




0.9758 0.2163 + 0.0076i (1.532 → 3.372i) ↑ 10→3

→0.2163 + 0.0075i 0.9750 (4.076 → 0.001i) ↑ 10→2

(7.412 → 3.372i) ↑ 10→3 (→4.106 → 0.075i) ↑ 10→2 0.9995





CKM

<latexit sha1_base64="QvtNU0sdJxFxl5+303oWT9bEBBM="></latexit>

ω = arg

(
→

VtdV →
tb

VudV →
ub

)
= 89.97 ↑

<latexit sha1_base64="k3mPpDIQID+mYHnUYpCOCDZBfPg="></latexit>

ω = arg

(
→

VcdV →
cb

VtdV →
tb

)
= 22.50 ↑

<latexit sha1_base64="0tbjvF31wT8/VAFPBshbVBiy9Os="></latexit>

ω = arg

(
→

VudV →
ub

VcdV →
cb

)
= 67.53 ↑

<latexit sha1_base64="esKToO9J2IlzzEOLqio/AhbKKBA="></latexit>

sin 2ω = 0.7071

Unitarity triangle
<latexit sha1_base64="kmJ1TUrqgS9Ebtca4IGbNor17+0="></latexit>

(84.1+4.5
→3.8)

↑

<latexit sha1_base64="gplzyRsG4XrehTyn6ORTXG8nBNo="></latexit>

(65.7 ± 3.0)→

<latexit sha1_base64="VbKW5Bwm3ChQA483Hisqg3iCWR0="></latexit>

0.709 ± 0.011

Exp

<latexit sha1_base64="N8zjrHOvpMaovqAG4iI3AV4aqpw="></latexit>

0.713

<latexit sha1_base64="PLqBDoKXgTRVkY7mwi6N1GMlPnA="></latexit>

91.6→

<latexit sha1_base64="o7orsO5u4de0t8Zagoi8HVgXdQE="></latexit>

65.7→

SM

<latexit sha1_base64="F2U8zQ0BTEY82OnOBgoVVz5qyUQ="></latexit>

m̃11 = m̃22 = m̃33 = 0.8

<latexit sha1_base64="SjNV98993eG1q/y+WVxIcAwqn0I="></latexit>

m̃12 = m̃→
21 = 1.18 → 10↑2

<latexit sha1_base64="HsSRDNl9VVkXL412Paq79dEY9ho="></latexit>

m̃23 = m̃→
32 = 8.10 → 10↑5

<latexit sha1_base64="aRqlC+vUXiGEPa2pcIy9JRZg3QQ="></latexit>

m̃13 = m̃→
31 = (1.52 → 3.74i) ↑ 10↑6
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<latexit sha1_base64="5u4X0X8xVY7Fp1KFFtGuVKFTtEQ="></latexit>

LZ
int = →i

gw

cos ω0
W

Zµ

{
(ūL, c̄L, t̄L)ε

µ ĝZu
L




uL

cL
tL



 + (L ↑ R)

<latexit sha1_base64="zWfOJ6XFLrD/uk3dIlNqf0Vp724="></latexit>

+(d̄L, s̄L, b̄L)ω
µ ĝZd

L




dL

sL
bL



 + (L → R)

}

<latexit sha1_base64="u2EmiDLH6Up9PeT5CTwULAhr7oI="></latexit>

ĝZu
L/R =




ĝZuu
L/R 0 0

0 ĝZcc
L/R 0

0 0 ĝZtt
L/R





<latexit sha1_base64="eVRqcmXylAFPSWrIh9Kyd1W22I8="></latexit>

ĝZd
L/R =




ĝZdd
L/R ĝZds

L/R ĝZdb
L/R

ĝZsd
L/R ĝZss

L/R ĝZsb
L/R

ĝZbd
L/R ĝZbs

L/R ĝZbb
L/R





<latexit sha1_base64="KWno+II52yYeGui1k7N5+mY5jNw="></latexit>

ĝZωε
L/R = ĝZεω →

L/R =
∑

ϑ

∑

n,m

(ωϑωωn0 + cω →
ϑ(n)) ĝ

Z
L/Rϑ(n)ϑ(m)(ωϑεωm0 + cε

ϑ(m))

Z couplings
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<latexit sha1_base64="kUfOAz54pBkS4MYloN303YgAoZo="></latexit>

1

ĝW⌫ee
L

0

@
ĝZuu
L
ĝZcc
L
ĝZtt
L

1

A =

0

@
0.34606
0.34606
0.34639

1

A

<latexit sha1_base64="xuFfGu+/PiIHfh93CyOPPdDSvEA="></latexit>

1

ĝW⌫ee
L

0

@
ĝZuu
R
ĝZcc
R
ĝZtt
R

1

A =

0

@
�0.15394
�0.15394
�0.15361

1

A

<latexit sha1_base64="f7ssQqvVwWNIMzst7Ul6McS+1tU="></latexit>

1

ĝW⌫ee
L

0

@
ĝZ dd
L
ĝZ ss
L

ĝZ bb
L

1

A =

0

@
�0.42293
�0.42291
�0.42303

1

A

<latexit sha1_base64="mfKt0kLx4T430LNxTDweHESaRyI="></latexit>

1

ĝW⌫ee
L

0

@
ĝZ dd
R
ĝZ ss
R

ĝZ bb
R

1

A =

0

@
0.07697
0.07697
0.07698

1

A

SM
<latexit sha1_base64="he+s3+WGy5+68Z9LUBvMC0guYoQ="></latexit>

sin2 ✓SM
W = 0.2312

<latexit sha1_base64="e6EWyiKeU0cLB9rudAb00LxJ8XA="></latexit>

ĝZ
dL = �0.4229 , ĝZ

dR = 0.0771

<latexit sha1_base64="jj9oBEB2Nt7Km+tHmariFxsmij4="></latexit>

ĝZ
uL = 0.3459 , ĝZ

uR = �0.1541
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<latexit sha1_base64="HJpsRNUpIt8PCJlfVsxdCbdLNlA="></latexit>

ĝZ��
L/R =

X

↵

X

n,m

(�↵��n0 + c� ⇤
↵(n)) ĝ

Z
L/R↵(n)↵(m)(�↵��m0 + c�

↵(m))

<latexit sha1_base64="a2f8aYBoGMM7p7sH8LHCQ635vcA="></latexit>

1

ĝW⌫ee
L

0

@
ĝZ ds
L

ĝZ db
L

ĝZ sb
L

1

A =

0

@
(�7.4 � 0.6i) ⇥ 10�7

(�2.2 + 6.2i) ⇥ 10�7

�7.3 ⇥ 10�6

1

A

<latexit sha1_base64="c8OGpGJSm1raP53cOLbHP6DCSJQ="></latexit>

1

ĝW⌫ee
L

0

@
ĝZ ds
R

ĝZ db
R

ĝZ sb
R

1

A =

0

@
�1.0 ⇥ 10�7

(1.4 + 0.9i) ⇥ 10�8

(�9.0 + 0.2i) ⇥ 10�8

1

A

<latexit sha1_base64="Jv0lAv8fYzlfAXouVCrUj0Mm+i8="></latexit>

Z

<latexit sha1_base64="5LMBeDaJNSnCVbOILJsmm4UY7IU="></latexit>

d
<latexit sha1_base64="HEx5V+L2MWm+t+z+dNvuU+XLdhY="></latexit>

d̄
<latexit sha1_base64="8PbtGk3S4nziom576HOJA5A5mpY="></latexit>

s̄

<latexit sha1_base64="00DKu0J2+vYbEjVHLomWMeC8t9g="></latexit>s

<latexit sha1_base64="JJN8TZCKYv6g1c1eC/WIIg7xHlM="></latexit>

�mtree
M ⇠

mMf2
M |ĝZ d

M |2

3m2
Z

<latexit sha1_base64="DP68EWi+ZZ/Sozrydx3/hGwip/c="></latexit>0

@
�mtree

K
�mtree

Bd

�mtree
Bs

1

A ⇠

0

@
2.7 ⇥ 10�19

3.3 ⇥ 10�18

8.7 ⇥ 10�16

1

AGeV

<latexit sha1_base64="rDuEXcoivV/n+wQTPTKz2m6Ab68="></latexit>0

@
mK0

L

� mK0
S

mB0
H

� mB0
L

mB0
sH

� mB0
sL

1

A ⇠

0

@
(3.484 ± 0.006) ⇥ 10�15

(3.336 ± 0.013) ⇥ 10�13

(1.1693 ± 0.0004) ⇥ 10�11

1

AGeV

FCNC

FCNCs are naturally suppressed.
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Neutrino oscillations

Y. Hosotani, arXiv:2507.08321

<latexit sha1_base64="/XMDkwCsADH1PT6fLrLkdUzy4c0="></latexit>

⌫0↵

<latexit sha1_base64="YE0D4HXeFtgB3LaYvoO/1sG38Ns="></latexit>

�̂↵

Brane int

<latexit sha1_base64="Ug9DkKfGM/BtkX4ZA8yTs85RCmQ="></latexit>

mB↵�̂
↵⌫0↵

R + h.c.

<latexit sha1_base64="+708EYFnj0uvzNKVkVRGftPHHSY="></latexit>

 ↵
(1,4)

<latexit sha1_base64="5u7g3NIRmcgJ/H1ifl0DwIrjy3s="></latexit>0

BB@

⌫
e
⌫0

e0

1

CCA
<latexit sha1_base64="YV04c9tGc5u0g2i2rJBg89nZyIk="></latexit>

✓H

on the UV brane
<latexit sha1_base64="pcsZ+LCbD33gxbndE3oeIO54s5g="></latexit>

�̂↵ = (�̂↵)c

Mixing

<latexit sha1_base64="VFGrVK6bqSQDT+GH7+gr6jfNo/k="></latexit>

�(y)
1

2

n
�̂↵�µ@µ�̂

↵ + M↵��̂
↵�̂�

o

Majorana masses
<latexit sha1_base64="1nfo7VWEDxQfk4twc4uCjLI14po="></latexit>

M = M† = M t
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Seesaw mechanism
<latexit sha1_base64="0zjRlfXmU4pHtmHaOu9tGhvv53Q="></latexit>

�̂↵ =

✓
⇠↵
⌘↵

◆
=

✓
⌘c
↵

�⇠c↵

◆

Without mixing

<latexit sha1_base64="AizGddt3YcNbvUj0PNRSxAYP3go="></latexit>

m⌫↵ ⇠
m2

`↵
M↵

(|c`↵ | � 1
2
)m2

B↵

<latexit sha1_base64="kGyDxtG0zcu77tSTDloN2/Mf6Ys="></latexit>

(me,mµ,m⌧ )

<latexit sha1_base64="2FcHpEJDsXvMtCkC/EzqxaJvewQ="></latexit>

(ce, cµ, c⌧ ) = (�1.0068,�0.7930,�0.6754)

<latexit sha1_base64="9dboKroxCLBpgs8mDAU5OLEoIa0="></latexit>

i

2
(⌫c†

L , ⌫0†
R , ⌘c†)

0

@
0 m` 0
m` 0 mB

0 mB M

1

A

0

@
⌫L

⌫0c
R
⌘

1

A

<latexit sha1_base64="tNgTYXg+rSngmYTrJ5Ul0jOq3bU="></latexit>

) m⌫ ⇠
m2

`M

m2
B

Inverse seesaw



<latexit sha1_base64="hER8oLwDWIr6e5+e0rCHSs3C9uk="></latexit>2

4
⌫e

⌫µ

⌫⌧

3

5

L

= UPMNS

2

4
⌫1

⌫2

⌫3

3

5

L

<latexit sha1_base64="Ul/YeCqRROmsRfGC9VJtYyvqDkM="></latexit>

{m⌫1 ,m⌫2 ,m⌫3}

In GHU
<latexit sha1_base64="aavvePgEi4I7TnLAxwrLRrvOqJA="></latexit>

F =

0

@
Fe

Fµ

F⌧

1

A
<latexit sha1_base64="ITczLuw/78UZpzd38bNvBnkfcRA="></latexit>

Fe =
m2

e

(|ce| � 1
2
)m2

Be

<latexit sha1_base64="DXt/ucaQX5uk+YXRwM4/O8CTUwM="></latexit>

F 1/2 M F 1/2 ~pj = m⌫j ~pj GHU seesaw
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Neutrino oscillations

<latexit sha1_base64="R2x3yxeFkw8DeRrDQGTn3H1XjIg="></latexit>

M = F�1/2

⇢ 3X

j=1

m⌫j ~pj ⌦ ~pj
†
�
F�1/2

<latexit sha1_base64="RDeJBibK1aLPHKOeqLaQIU1SvBI="></latexit>

UPMNS =

0

@~p1 ~p2 ~p3

1

A

<latexit sha1_base64="mmpcDZPjaDfAMwlMBbvkTPZRUU0="></latexit>

M† = M = M⇤

<latexit sha1_base64="kxErwJVX7+DAlvNYrrs9PHerUwU="></latexit>

�CP = 0 or ⇡
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<latexit sha1_base64="sMjWQRu46c+fmmKam3BQ0KKVm4A="></latexit>

(m⌫1 ,m⌫2 ,m⌫3) = (1, 8.71, 50.3)meV
<latexit sha1_base64="b/Ha0eOJ6EePA0La1DyZB5+jmbc="></latexit>

(Fe, Fµ, F⌧ ) = (1, 3, 10) ⇥ 10�18

<latexit sha1_base64="tNngy0q1iR7GTbewEFQsq1FEcSs="></latexit>

(mBe ,mBµ ,mB⌧ ) = (6.83 ⇥ 105, 1.10 ⇥ 108, 1.32 ⇥ 109)GeV
<latexit sha1_base64="ctj+ioWMLFr5w6VrsSZOdylpjBg="></latexit>

M =

0

@
4.40 �1.63 �2.28
�1.63 10.3 3.89
�2.28 3.89 2.47

1

A ⇥ 106 GeV

GHU

Normal ordering (NO)
<latexit sha1_base64="nDA9UqG+1jaQwfmqQyZ21ifFxR0="></latexit>

�m2
21 ⇠ 7.49 ⇥ 10�5 eV2 , �m2

31 ⇠ 2.53 ⇥ 10�3 eV2

<latexit sha1_base64="hUlMY6iTP8Hs8dBY54WclHtoVJ4="></latexit>

sin2 ✓12 ⇠ 0.307 , sin2 ✓23 ⇠ 0.561 , sin2 ✓13 ⇠ 0.022 , �CP ⇠ ⇡

NuFit-6.0  arXiv:2410.05380 (JHEP)

<latexit sha1_base64="6aE/OBummqqkYWyAIvS6i5TPXQQ="></latexit>

UPMNS ⇠

0

@
0.823 0.548 �0.148
�0.275 0.613 0.741
0.497 �0.569 0.655

1

A

Example



21

Summary

GUT inspired SO(5)xU(1)xSU(3) GHU

CKM matrix

FCNCs are naturally suppressed.

<latexit sha1_base64="RQoduAADpfJL2Kz17AMSIwPzND8="></latexit>

mSM
W

< mW (✓H) < mCDF
W

Neutrino oscillations

PMNS matrix in Normal Ordering


