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m,, = 105.658369 + 0.000009 MeV
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Composite model: 77-1-0 mixing D& KLY
m(e;) = mo(z; + x0)?,

T1 —|—£B2—|—333 = 0,
To = \/(a:% —I—a:% —|—:1:§)/3.

Me, My gyz=gafE ky
mr = 1776.97 MeV =z%z=

Y K, LNC 34, 201 (1982); PLB 120B, 161 (198
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FEE mr=1776.97 MeV &
gamE (m:"P), = 1784.2 1+ 3.2 MeV
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YK, MPL A5, 2319 (1990)
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where
o = 75(¢1— $2) .
Pn = %(651 + ¢o — 2¢3) ,
bo = %(@51 + ¢ + ¢3) .
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(MEP) g = 1784.2 +£3.2 MeV
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(MEPYpew = 1776.997322 MeV
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3.1 Brannen's speculations

[Brannen (20006)]

&b, Brannen (&, —a1—K) /B E&tKoideDfRrEL T+
VEENARERICE DK EHmI-9 LEERLTLVS:

2
Mmy1+my2+m,3 = 3 (_’v my1 + V12 + vV mu3)2

(3.1)
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(z/1)% 4+ (272)% + (243)° =1 (3.4)
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Brannen's first relation (3.1) :
SIETIICHAED A MBIFEHZELZEIZKY,
atBA CEH A REMED B S.

[YK, hep-ph/0612058, EPJC(2007)]

Brannen's second relation (3.5) :
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3.2 Brannen, G.Rosen &4 5%
Brannen (2006), G.Rosen (2006)
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3.3 From Seesaw to Frogatt-Nielsen

B SU(2), doublet scalars ZF5IALETILIE
FCNC ffBZ5IS# Y

Seesaw model

(PL)(PR)/MF
*Z25&Y, Frogatt-Nielsen-type model:
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34 FromS;to A, &S,

£, Ma (& A R FREICE DT
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3.5 From non-SUSY to SUSY

Ma [ZZ<&a(128) (<, KoideD ARKZFEL=
IZHE RS 02 + 02 = 02 #5153
supersymmetric Ss-invariant Higgs potential

W= (62 + 67 + 62) + ;%cﬁg-l-)\% (62 + ¢2)

2 (3.14)

TiIRELT-.
B X BEBOS FRTE Z(81) ITEDKETIL
W = Zmox3 + 3mi1x; + smax3
+max1x2 + 3A(E + x3 + X3 + 6xox1x2)
(3.15)
#12ZLT- Ma, PLB649, 277 (2007) [ hep-ph/0612C
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[I] VEV relation
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[I] [IZDLNT: "Symmetry" D %35

(i) U@3) (?) MPL (1990)

(i) S3 PRD (1999)
hep-ph/0612058 EPJC (2007)

(i) A4 hep-ph/0701018 EPJC (2007)

(iv) U(3) --> S4 hep-ph/0705.2275 JHEP(2007)




1] 12D T
(a) Universal seesaw model (2006 T)

Me ~ mM~Im?
(b) Froggatt-Nielsen type model (2006)
Cf’d
Hepy = UP’ILHLA—dA—dEH (4.6)
(c) Haba-Koide: hep-ph/0708.3913
Yukawa c.c. & VEVEDREE Y o« (D) (D)
(d) Haba-Koide in preparation
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SU(2), U(3)-flavor

HED#EIR: Higgs scalars Hy ,, doublet singlet

BEARNIRL
MD#TiE: a new scalar P singlet nonet
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How to get the VEV relation

5.2 My recent work with Haba

How to get the biliear mass form




5.1 My recent work based on SU(3)

hep-ph/0705.2275 (JHEPO08, 086 (2007)
5.1.1 S4 embedded into SU(3)
SU(3) S4
b1 1 bo

;3 3 bri = (Vis€i) L, €R;
Vi) O 1+2+3

'*f*’%i- 3 2+3+3 (P, ‘i”r})
Yiiky 10 1'+3+3'+3'




5.1.2 Basic assumption

The fields ?d and ¢, always appears
in the theory in terms of the nonet form

®11 P12 P13
D= | @21 P22 @23
®31 ¢32 ¢33

P11 = %% | fgfﬁf‘*n

P2 = %fﬁba \/lgﬁbﬂ \/1§¢?r

P33 = %% \}gcbn | \/15%




5.1.3 Superpotential of the nonet fields
U(3) invariant superpotential

W =mTr(PP) + ATr(dPP) 63

M AF—F.

LAL, chps OW/0P =0 #%HELTE
EHDVEV relation|ZF5N74LN.
SHEDIRTEMWE:

We assume a Z, parity for




r[(9)(9)] = Tr[(8)(8) + (1)(1)] : no effect of Z,,

- - + +

Tr(O)®)@)=Tr[ (8)(8)(8) + 3(1)(8)(8) +(1)(1)(1)]

- - - + - - i

forbidden
By using ®(1) = 1Tro, we can rewrite

Tr(ddd) = Tr(3eDV B (8)+ (D (D (1))

= Tr(®) | Tr(dd) — g(Tr—q:»)2




From the modified W under Z,, we obtain

oW

fi=2(m+ ATro)

(5.7)

fo =\ |Tr(o®d) — %(Trfb)Q

(5.8)
In order that there exists a solution & = 0, f,=0 and f,=0 are
required. The requirement f3=0 just means

2

2 2 2
v] T V5 T v3 = 3 (v1 + v2 + v3)

for the diagonal basis of <¢’> = diag (’UL U2, U3




5.1.4 Symmetry breaking

Bl RIMEDOENEEAT SE, TNFTHREZERK
(XELLRIZ DA RRILT HEEfREGED
oM< BI-VEVERX(5.9)%FT L4, vr /vy O
EZELLGZAHENTELN?
[f55m] mIAE !
W =Wy + em[BB B 510
where [BB]=1, I.e.

bg:%, bﬂ.:\%sinﬁ: bﬁ:%cosﬁ (5.11)
> D

We can fixv, /v, as . 3 = U — Un
2V Uy
/

without spoiling the VEV relation (5.9)
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> 2
- v5 + v3 1+ 2§ (544

, 1.00000 = 0.00002,
+0.013
Ku — 0753 - 0003




5.1.5 Charged lepton sector

Problem: due to the Z2 invariance,

in the charged lepton sector ZLH{®;® ep

DO DPmeans B pB) L H(1)p(1)

not but @B + ¢V (1)  $B)H(1) 4 p(1)p(8)
We assume new scalars ¢

and the effective interaction
HEIT = yeeh (0 )1 (@ )k () + ¢0))epy, (5.16)
Then we obtain




5.1.6 Neutrino sector
 \We assume the effective interaction

e Vu j
HEt oo = w371 (@) 06 (v

Then we obtain

eff VuUy

HJ’J:HH* — Yv A2 (M?? Yo I"r’?*)f




* We assume v, = 0 In the neutrino sector
D, = (1/M§ ))diag(v2,0,0)+(1/M4))diag(0,v2,0)  (5.21)

M, = UpgM{""™ ULy = UppD UL, (5.22)
We obtain

Uy =Urp (5.23)
m,1 = kv?’” myo = kfug, m,3 =0  (5.24)

Note that the model gives an inverse mass hierarchy:
The predicted effective electron neutrino mass
(mue) = [ UZmyi| = |3m1 + 3ma
(5.25)

= mo ~ J.&mg — 0.052_4_3‘3843 eV

atim

will be possible to detect in the neutrinoless double beta
decay in the near future. |




5.2 My recent work with Haba

How to get the bilear mass form

N.Haba and YK, hep-ph/1708.3913

(1) Yukawa 1B E{EFR
Wy =Y;;(LiHgE;) (526)

DEFEEZRBDHS. TEH5, [FLHDLRIMEITENTLNS

(2) Y [IXFEDIRND/NTAF—THY,
We(P) I3 tadpoleliZEL T, EEMICEIZT D
We = A[@B B b)) L m[dd] — 42 [Y D)




(DB pB) (8] = [ddDd] — [D] ([cbcb] _ §[¢]2>

(5.28)
THHEITEETNIL,

oW
—— = 3\bd — p?Y
OP

+2(m — A[DP])D — A ([cbc[::] _ g[q)]?) 1 (5.29)

#1835, CCTHRIfE

FZESN CDE=E
fi(®P)d




In order to get the non-zero and non-
degenerate eigenvalues of (®) , we must take
f4=0 and f5=0. The condition f3=0 just means
the VEV relation (5.9):

fo= -\ |Tr(od) — g(‘l‘rdb)z =0

(5.32)




5.3 ZZATTMEL 22

The both models in Secs.5.1 and 5.2 are based on very similar idea,
but they are crucially different from each other on some points:

Model Sec.5.1: Koide Sec.5.2: Haba-Koide
Purpose To get the VEV relation To get the bilinear form
Yukawa c.c. vy: flavor-indepnd. Y;;: flavor-dependent

2
Y;;(LH3E);;

Yukawa int. — (P ’
yfiL-.a( ) HgeR;

M

Higher dimensional
U(3) invariant
Tri®dd) =

1]
Normal dimension
badly broken by Y
Tr—[q;:':ﬂ}q;':?—"'}q}':m] = Tr[d D]

Symmetry
Cubic term

in W 2 5 ’ . "
Tr(®) {Tr[ﬂhtbj - 2(Tro) | ~Tr[@] (Tr[e®] - Z(Tr(®])?)

because of the Z; only phenomenological

ETILIEERLERTETT ! EFUOTHHZE!




. Start of the problem:

Proposal of the mass formula of the charged leptons
: Prototype of the scalar potential model
Understanding from the VEV relation
: Observation of the new tau mass which was

in excellent agreement with the prediction in 1982
: Scalar potential. model with harmless Vgg based on S,
: Superpotential model based on U(3) flavor

H.

T

Time seems to shed on this problem
little by little

Thank you




