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Electric Charge
Operator
Model with
Right-Handed

neutrinos m  Free of gauge anomalies iff Nr multiple of 3.
The scalar sector . . . .
Up quark sector 1 m  Peccei-Quinn symmetry can be easily implemented.
Up q“al:" sector 2 m T[hird quark family different from other two.
U quark mass . .
Down quark sector 1~ @ Scalar sector with good candidates for dark matter.
Down quark sector 2 . . e . .
e el ] [t m  Suitable for explaining some neutrino properties.
sector 1 m  Strong hierarchy in the Yukawas can be avoided.
ged lepton
sector 2
The charged lepton
sector 3
Neutrinos 1

Neutrinos 2

Conclusions
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Electric Charge Q — >\3TL -+ b>\‘/8§L + XIB
Operator

Model with

Right-Handed

neutrinos

The scalar sector

Up quark sector 1

Up quark sector 2 b:1/273/2,5/2,n/2

u quark mass

Down quark sector 1 m b= 1/2 models without exotic electric charges.
Down quark sector 2

The charged lepton u b= 3/2 the P|eiteZ—Frampt0n model.

sector 1
The charged lepton
sector 2

s CEES Eain For b = 1/2 there are:

sector 3
Neutrinos 1

s m 2 one family models reported in the literaure.
Conclusions m 4 different models reported in the literature.
m 4 more three family models.

If exotic electric charges are allowed, there are an oo number of
models.
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Conclusions

Model with Right-Handed neutrinos

Quarks: Q% = (u',d",D")g ~ (3,3,0), i = 1,2. Two families.

Q3 = (d3, v, U)r ~ (3,3%,1/3). Third family.

i =1,2 two exotic Down quarks.
Ur, an exotic Up quark.

Right-Handed quarks u{° ~ (3*,1,—2/3), d}° ~ (3*,1,1/3)
a=1,2,3, D¥~ (3*,1,1/3), i = 1,2, U ~ (3*,1,-2/3).

Leptons L;;, = (I, v, 0% ~ (1,3*,—1/3), l = e, u, T

Singlets I} ~ (1,1,1).
vy neutrino related to lepton I7 .

VZOLC the right-handed neutrinos.

R Foot HN lonec and T A Tran Phvs Rev D50 R34 (1904)
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The scalar sector

61, 8%, 0L)) = ((0,0,v1)) ~ (1,3,1/3)
b3, 0% 2)) = ((0,v2,0)) ~ (1,3,1/3)
6 9,03, b5 )) = ((v3,0,0)) ~ (1,3,-2/3)
& 1,01 6.L)) = ((0,0,V)) ~ (1,3,1/3),

with the hierarchy v1 ~ vy ~ v3 ~ 10? GeV << V ~ a few TeV.
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The anomaly free discrete Z5 symmetry:

ZQ(Q%? §b27 §b3, §b47 U’Lv dac) —
ZQ(¢17UL7UL7D LlLvlL) = 0.
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Electric Charge In the baSIS (u 9 U 9 U 9 U)
Operator

Model with
Right-Handed
neutrinos

The scalar sector /

Up quark sector 1

Up quark sector 2 u
u quark mass Mu — O O 23U3 24?]3

Down quark sector 1 0 0 QSLB'UQ 3402
Down quark sector 2 U U u U

The charged lepton \ h41'U1 h42U1 h43V h44v )
sector 1

The charged lepton

sector 2 hZ] =~ 1
The charged lepton

sector 3 v = vy = v3 =v << V. A see-saw type mass matrix.
Neutrinos 1

Neutrinos 2 U = 123 Gevf ﬁxed by M]%[/:I: — g%’UQ, (93 — 92)
Conclusions hZ] — hta 5 — ’U/V

0 0 tsvs  hiyus )

6 / 16



Up quark sector 2
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Electric Charge M’U,MJ
Operator

Model with
Right-Handed

neutrinos m A tree-level top quark mass

The scalar sector

Up quark sector 1 m% ~ (ht — 1)2?]2/2 — |]. — ht| ~ 2
m A see-saw mass m? ~ 4h7v%5% — V > 25 TeV.

w quark mass

Down quarksector 1~ m A zero eigenvalue (1, —1,0,0)/v/2 (The up quark).

Down quark sector 2

The charged lepton u A heavy U quark (maSS ~ V)

sector 1
The charged lepton
sector 2
The charged lepton
sector 3

Neutrinos 1
Neutrinos 2

Conclusions
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L U quark mass

ER Break the symmetry u' < u
Operator

Model with

Right-Handed

neutrinos

2

The scalar sector
Up quark sector 1 A13V1V3
Up quark sector 2 _ @ _

O /0
Down quark sector 1 3 K L )
Down quark sector 2

The charged lepton / \

sector 1 | \

The charged lepton > é ¢

sector 2 w c ” “

The charged lepton W 4 UL Vhiyy UL 43 uie
L L

sector 3

A
K
\
| &
A

Neutrinos 1

Concloion ® 13 (671)(9563); Mg ~ 1
41 — ht(]. I k) and h13 — ht(]. _|_ k)

My = —A30k?61In6/81% — k ~ 0.1
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Electric Charge In the basis (d',d?, d?, D', D?).
Operator

Model with
Right-Handed
neutrinos

The scalar sector ( 0 0 0 h?41}2 ]’L15’U2 \

Up quark sector 1
Up quark sector 2 0 O 0 h24U2 25’02

U k
e My 0 0 0 h34vg hgl5v3

Down quark sector 1

Down quark sector 2 d d

The charged lepton \ 2412}1 242/01 2432}1 Zﬁlﬁ“; h 5“; )
sector 1 v vV v

The charged lepton 5171 52%1 531 54 5

sector 2

The charged lepton
sector 3 h45 = h¢, = 0 to avoid flavor democracy in the heavy sector.

Neutrinos 1 hks — hb ~ 1

Neutrinos 2

Conclusions

m  Two heavy eigenvalues (~ V).
m A see-saw eigenvalue my =~ 6véhy ~ 3m.hy/hy
m A Null space (1,-1,0,0,0)/v2, (1,1,-2,0,0)/6.
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e

ER Break the d' < d? < d° symmetry.
Operator
MF:)deItwith h35 — h53 — s — hb(l - kS)-

Nt el There is a new see-saw eigenvalue
neutrinos

The scalar sector Mg ~ th’(jk’g/gj _— kS ~ 3\/m8/mb ~ 047

Up quark sector 1
Up quark sector 2
Jus
u quark mass
Down quark sector 1 - - @ - <

~ ~
Down quark sector 2 0 - N 10%
Ve 91

The charged lepton
sector 1 / \
The charged lepton / \
sector 2 | \
The charged lepton
sector 3

Neutrinos 1 di
Neutrinos 2

\ 4
@
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\ 4
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A

Conclusions

Break the d' < d? symmetry. fo10203, [ ~w.
hiy ~ hp(1 + kq), h{y = hy(1 — ka)

_ h3K3

h2k2 My, kg~ 1.4k, ~ 0.14 10 / 16
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The charged lepton sector 1

New ingredients: £%, a =1,2,3 with quantum numbers

EY” @ B¢t ~ (1,1,-1) @ (1,1,1).

#Y ~ (1,1,0) with VEV (¢2) = v5 v

In the basis (e, p, 7, B, E?, E?)

/

0

0

0
h1€U5
hl,uv5
thU5

0

0

0
h2€U5
h21ﬂ}5
h27U5

0

0

0
h3evs
h3,vs
h3rvs

he1vs
hul”S
h71U3
h11 M
ho1 M
hs1 M

heav3
huQUB
hT2U3
hio M
hoo M
hso M

he3vs
h,3v3
hr3v3
hisM
hos M
hss M

/
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The charged lepton sector 2

With the symmetry e <= <> 7
Making hap = hiOaps hat = hig = hr, 13 =05 =0v << M=V

3 heavy states related with the exotics EF“.

One see-saw m, ~ 9h, v, — h, =~ h:/3.

see-saw eigenvector (1,1,1, —35, —38, —38)/V/3 + 2752
Two zero eigenvalues.

Eigenvectors (1,—1,0,0,0,0)/v2, (1,1,—2,0,0,0)/6.

Break the p <= 7 symmetry (keep the e < )

hTS — h37’ — h,u 7£ hq-
A new see-saw eigenvalue — h,, ~ 2.87h.
A zero eigenvalue (the e) with eigenvector (1,—1,0,0,0,0)/v/2.
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Elotric Char Generate e mass via radiative corrections.
ge

Operator
Model with A35U30U5

Right-Handed B @ _
neutrinos 0 -7 BN

The scalar sector « '\
Up quark sector 1 / \
Up quark sector 2
u quark mass | \

Down quark sector 1 > P < > Py <
Down quark sector 2 - hig E:L M E_. ha i+
The charged lepton L L
sector 1

The charged lepton
sector 2

Break ¢ < ju symmetry. A35|d3|%|d5]%, Ags ~ 1.
sector 3 hel ~ hT(]- — ]{e)’ hle ~ hT(]- -+ k‘e)

Neutrinos 1

Neutrinos 2

Conclusions ke ~ 01
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"~ = Neutrinos 1
e |

S har No tree-level mass terms for v;. No radiative corrections.
ge
;’Azzr:fjvrith New ingredient:
ight- T _ (0 p— 1/— o o
Sﬁ::;:,asnded ¢6 _ (¢67 ¢6 » Y6 ) ™~ (1737 _2/3)7 < ¢6 >= 07 ZZ(¢6) =0

The scalar sector

Up quark sector 1 Eg-i-

Up quark sector 2

u quark mass

“"\‘ hl///a’U3

Down quark sector 1
Down quark sector 2
The charged lepton ,
sector 1 l
The charged lepton

sector 2

The charged lepton YANIY.
sector 3

Neutrinos 2 l 1’
Conclusions ' ,0

l///

VIL ! 273

\
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A

h;?/ (Sl

Radiatively induced VEV. Dirac masses ~ 0.1 — 1 eV
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Majorana masses.
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Conclusions

zl m  Fermion mass spectrum withoutYukawa hierarchies.
ectric Charge
Operator m  No predictive power.

odel wi
AL s Unitarity violation of the CKM mixing matrix: ~ §%.
neutrinos
The scalar sector | FCNC ~ 54
Up quark sector 1 . . ) . :
U otk oo 2 m High price payed: 6 Higgs scalars 4+ 3 exotic leptons +
u quark mass Alignment of the vacuum state.
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