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Who ordered 
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Who ordered 

all of THAT!!!!??

Why are their masses 
so different?
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Yukawa coupling



 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

好 器

ATLAS has similar results and projection
Agree with the SM prediction ~few10%

CMS RUN-1       /       future
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in the weak basis

C.C.int. in the mass basis
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1KKM
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1VcslrlVtsl
01009 01041 01999

A13二0 ， 20 人 A23 2.38 212 13.040 1 8 1.2

VCGM 卫3 3

J 二 42 C13 C23 512 513523 sin Ò 3.2 X 10'5

a small weak CPT

(can't explain the mater-antimatter asymmetry)

Jarlskog invariance
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small 012 13 bi large Qizr 330
mixing 023 2.40 8 1 ， 2 223 490 8 0 1
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a Large mixing a small mixings
n Mayor May not i

5 0 M Diff
couple to sm Higgs

2A mass c slt.gg s Yunawai

agree with SM
0 30

a mass generation of mr mf are different
2A No attempt of Generations
2A focus on the charged fermion sector



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

an Same quantum large mixing s

4L 发

4 二 È 4L 发th

IMass hierarchy and CKM ～   （small mixings)
⇒  diff. species! 
⇒  diff. Q#  in QFT 
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Brlhser 4 ， 2 103 1 541
MEGI
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Other flavor limits to keep in mind:

flavor problem 
~ origin of the pattern of Yukawa
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too many color X for quark sector

diff x for quark lepton sector



 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

H.Fritzsch

mn.mu and Me are Hermitian

some mj

IN 1131 14 Dl by hand

structure zeros



 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

f
U11

SUczJ.atAN SN A4 Zr

mass r LEFT XRZGHT

ㄟ N
Small m Large rm

Horizontal symmetry 

continuous

discrete

flavor problem How to assign the representations?

How to break the Symmetry?

Extra-dimension 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UCI

note in FN Gisqitc is still a solution

global ⇒ gauged

Simple but NOT simpler

Moreover, new gauge boson could have 
testable phenomenology.

Without introducing new chiral fermions

Avoid the massless Goldstone

Anomaly-free as a guide
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SM fermions

3 generations
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Yuhana ㄞ 火 H
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Yukawa
is allowed

structure zero
or new doublet scalar

Cancellation of the Chiral anomalies



 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2A mtr173Gev yt 1.0

mu.md.me o at tree level

for 1 1Qx1 9

Requirements

⇒ radiactive generation

⇒ only a few are realistic

The mass of 2nd G ~ FN + Structure zeros

⇒ only 3rd generation has the SM Yukawa

We have explored all possible integer solutions



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 4 1 d 3 li6 E5

Q Y 1 0 3 0 E5 5 0

2 1 3 2 1 5 2 6 1 11 6

2 3 1 2 5 1 2 6 11 1 6

1 1 0 3 3 0
0 5 5 0

2A mt.ms me from SM Yukawa
At leading order

Myo diag 0 0 myb

Me diag o 0 me

One of the few realistic Sol.



 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hsm 2 Σ 0 5 1 1 0 11

Hi 2 Ì 1 Hz 2 Σ 2

H了 2 Σ 3 He 2 È 2

2A SM Hsn and S get VEV

Hsn È i Csi Ě
others are suppressed
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Scalar fields for FN

Scalar see-saw (~ FN)
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FN + structure zeros （3+4）

At this level,

However, with the new scalars,
( And all the structure zeros disappear.）
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C MEUs.ms and me 1
174 4 117

6 masses, 3 angles, 1

（→ 100 TeV in some parameter space)

5 OMD in SM Yukawa ⇒ 2 OMD

Some Numerical highlights 

Can be easily fitted 

FCNC X/H couplings
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For electron mass, we introduce 
 
a vector fermion 
 
and a charged singlet



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

z Me 二 ōme E511keV
siege

35 ΔGe 0
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Hsm
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Since                                        is real, 
the phase of               must be removed by 
field redefinition.

eff. Higgs Yukawa 
could be very diff from  
the SM one.
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Moreover, accidental global U(1)’s:

Holds even after the EWSB

No CLFV,     such as



 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

doublet x4 singlet xl rector NX 1

3rd G SM with 1 103 104TeV
2nd G SFN

1st G 1 loop

sae so deo at 2 100ps
1器1 1

105 6
一一一 102

SM ULDx

Conclusion

anomaly-free —> only a few realistic sol.

All charged fermion masses, CKM, and J accommodated. 

No CLFV

Hierarchy in Yukawa

Economic/simple gauge U(1) without exotic chiral fermions


