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Standard Model

...and all its frustrating success
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Fermion Mass Hierarchy (FMH)

It is a ∼ 106 difference !
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Neutrino masses

-Standard model : Why aren’t you massless ?
-Neutrinos :
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The non-SUSY model

Scalar bosons X Z2

Higgs Doublets

φ1 =

 φ+1
h1 + v1 + iη1√

2

 2/3 +

φ2 =

 φ+2
h2 + v2 + iη2√

2

 1/3 −

Higgs Singlets

χ =
ξχ + vχ + iζχ√

2
−1/3 +

σ −1/3 −

Table – Non-universal X quantum number for Higgs fields.
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The non-SUSY model

It is an anomaly free model, but its supersymmetric
generalization would induce anomalies due to Higgsinos.
[
SU(3)C

]2
U(1)X → AC =

∑
Q

XQL
−
∑
Q

XQR

[
SU(2)L

]2
U(1)X → AL =

∑
`

X`L
+ 3

∑
Q

XQL

[
U(1)Y

]2
U(1)X → A

Y 2 =
∑
`,Q

[
Y

2
`L
X`L

+ 3Y
2
QL

XQL

]
−
∑
`,Q

[
Y

2
`R
XLR

+ 3Y
2
QR

XQR

]
U(1)Y

[
U(1)X

]2 → AY =
∑
`,Q

[
Y`L

X
2
`L

+ 3YQL
X

2
QL

]
−
∑
`,Q

[
Y`R

X
2
`R

+ 3YQR
X

2
QR

]
[
U(1)X

]3 → AX =
∑
`,Q

[
X

3
`L

+ 3X
3
QL

]
−
∑
`,Q

[
X

3
`R

+ 3X
3
QR

]
[Grav]

2
U(1)X → AG =

∑
`,Q

[
X`L

+ 3XQL

]
−
∑
`,Q

[
X`R

+ 3XQR

]
, (1)
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Particle Content

Table – Scalar content of the model, non-universal X quantum
number, Z2 parity and hypercharge

Higgs
Scalar
Doublets

Higgs
Scalar
SingletsX± Y X± Y

Φ̂1 =

 φ̂+1
ĥ1+v1+iη̂1√

2

 + 2/3+ +1 χ̂ =
ξ̂χ+vχ+iζ̂χ√

2
− 1/3+ 0

Φ̂2 =

 φ̂+2
ĥ2+v2+iη̂2√

2

 + 1/3− +1 σ =
σ̂χ+iζ̂σ√

2
− 1/3− 0

Φ̂′1 =


ĥ′1+v

′
1+iη̂

′
1√

2

φ̂−′1

 − 2/3+ −1 χ̂′ =
ξ̂′χ+v′χ+iζ̂′χ√

2
+ 1/3+ 0

Φ̂′2 =


ĥ′2+v

′
2+iη̂

′
2√

2

φ̂−′2

 − 1/3− −1 σ′ =
ξ̂′σ+iζ̂′σ√

2
+ 1/3− 0
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Quark content

Table – Quark content of the abelian extension, non-universal X
quantum number and parity Z2.

Left-
Handed
Fermions

Right-
Handed
FermionsX± X±

SM Quarks

q̂1L =

(
û1

d̂1

)
L

q̂2L =

(
û2

d̂2

)
L

q̂3L =

(
û3

d̂3

)
L

+ 1/3+

0−

0+

û1 c
L
û2 c
L
û3 c
L
d̂1 cL
d̂2 cL
d̂3 cL

− 2/3+

− 2/3−

− 2/3+

+ 1/3−

+ 1/3−

+ 1/3−

Non-SM Quarks

T̂L

J 1
L
J 2
L

+ 1/3−

0+

0+

T̂ cL

Ĵ cL
Ĵ c 2
L

− 2/3−

− 1/3+

− 1/3+
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Lepton Content

Table – Lepton content of the abelian extension, non-universal X
quantum number and parity Z2.

Left-
Handed
Fermions

Right-
Handed
FermionsX± X±

SM Leptons

ˆ̀e
L =

(
ν̂e

êe

)
L

ˆ̀µ
L

=

(
ν̂µ

µ̂µ

)
L

ˆ̀τ
L =

(
ν̂τ

τ̂τ

)
L

0+

0+

−1+

ν̂e cL
ν̂
µ c
L
ν̂τ cL
êe cL
ê
µ c
L
êτ cL

− 1/3−

− 1/3−

− 1/3−

+ 4/3−

+ 1/3−

+ 4/3−

Non-SM Leptons

ÊL
ÊL

−1+

− 2/3+
ÊcL
ÊcL

+ 2/3+

+1+

Majorana Fermions N1,2,3
R

0−
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The potential

Wφ = −µ1Φ̂′1Φ̂1 − µ2Φ̂′2Φ̂2 − µχχ̂′χ̂− µσσ̂′σ̂ + λ1Φ̂′1Φ̂2σ̂
′ + λ2Φ̂′2Φ̂1σ.

Vsoft = −m2
1Φ†1Φ1 −m′21 Φ′†1 Φ′1 −m2

2Φ†2Φ2 −m′22 Φ′†2 Φ′2 −m2
χχ
†χ

−m′2χ χ′†χ′ −m2
σσ
†σ −m′2σ σ′†σ′ +

[
µ2

11εij(Φ
′i
1 Φj1) + µ2

22εij(Φ
′i
2 Φj2)

+ µ2
χχ(χχ′) + µ2

σσ(σσ′)− λ̃1Φ′†1 Φ2σ
′ − λ̃2Φ′†2 Φ1σ

+
2
√

2

9
(k1Φ†1Φ2χ

′ − k2Φ†1Φ2χ
∗ + k3Φ′1

†Φ′2χ− k4Φ′1
†Φ′2χ

′∗) + h.c.

]
1

2
M2
h =

(
Mhh Mhξ

MT
hξ Mξξ

)
. (2)

Mhh ∼ v1, v2, v′1, v′2, µ11, µ22 Mhξ ∼ λi Mξξ ∼ vχ, v′χ, µχχ, µσσ (3)

So Mξξ >> Mhh,Mhξ (4)
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A seesaw implementation

A seesaw rotation through VhSS =

(
1 (Θh†)†

−Mhξ(Mξξ)
−1 1,

)

M̃h ≈
(
M̃hh 0

0 Mξξ

)
,

M̃hh ≈Mhh −MhξM
−1
ξξ M

T
hξ︸ ︷︷ ︸

very small

≈Mhh.

M̃hh → m2
h1 ≈ m2

Z

(
cos22β̃ +

4

9

g2X
g2 + g′2

(cos2β1 + cos 2β2)2
)

tan2 β̃ =
v21 + v22
v′21 + v′22

tanβ1 =
v1
v′1

tanβ2 =
v2
v′2

Mξξ → heavy states via parity violating terms

Juan Sebastian Alvarado Galeano
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Up-like quarks
In the (u, c, t, T ) basis, the mass matrix reads :

MU =
1√
2


0 h122uv2 0 h12T v2
0 h221uv1 0 h21T v1

h311uv1 0 h331uv1 0

0 h2χ′u 0
v′χ√
2
gχ′T

 (5)

m2
u = 0, m2

c =
1

2
v21

[
h221ugχ′T − h21Th2χ′u

]2
(gχ′T )2 + (h2χ′u)2

,

m2
t =

1

2
v21
[
(h311u)2 + (h331u)2

]
, m2

T =
1

2
v′χ

2
[
(gχ′T )2 + (h2χ′u)2

]
.

(6)

7× 10−3 ≈
h221ugχ′T − h21Th2χ′u√

(gχ′T )2 + (h2χ′u)2
√

(h311u)2 + (h331u)2
(7)

Juan Sebastian Alvarado Galeano
A non-universal U(1)X gauge extension to the MSSM
13 / 21



Introduction
Scalar sector

Fermion Sector
Conclusions

The end

Down-like quarks

In the (d, s, b,J1,J2) basis, the mass matrix reads :

MD =
v′2√

2


0 0 0 1√

2
h111Jv

′
1 h121Jv

′
1

0 0 0 1√
2
h212Jv

′
2 h222Jv

′
2

v′2√
2
h312d

v′2√
2
h322d

v′2√
2
h332d 0 0

0 0 0
vχ√
2
g11χJ

vχ√
2
g12χJ

0 0 0
vχ√
2
g21χJ

vχ√
2
g22χJ

 (8)

m2
d = 0 m2

s = 0 (9)

m2
J1 =

1

2
v2χ(g11χJ)2 m2

J2 =
1

2
v2χ(g22χJ)2 (10)

m2
b =

1

2
v′2

2
[
(h312d)

2 + (h322d)
2 + (h332d)

2
]

(11)
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Leptons

ME =
1√
2


0 heµ2ev

′
2 0 hE1ev

′
1 0

0 hµµ2e v
′
2 0 hE1µv

′
1 0

hτe2ev
′
2 0 hττ2e v

′
2 0 0

0 0 0 gχ′Ev
′
χ −µE

0 0 0 −µE gχEvχ

 (12)

m2
e = 0 m2

µ =
1

2
v′2

2 [(heµ2e )2 + (hµµ2e )2] (13)

m2
E =

1

2
g2
χ′E v′χ

2 m2
E =

1

2
g2
χE v

2
χ (14)

m2
τ =

1

2
v′2

2 [(hτe2e)2 + (hττ2e )2] (15)

0.14 ≈
√

(heµ2e )2 + (hµµ2e )2√
(hτe2e)2 + (hττ2e )2

(16)
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Neutrinos

Left handed neutrinos couple to right handed and Majorana
neutrinos. The resulting mass matrix has a structure compatible
with inverse seesaw.

Mν =

 0 mT
D 0

mD 0 MT
D

0 MD MM

 , (17)

mD =
v2√

2

hee2ν heµ2ν heτ2ν
heµ2ν hµµ2ν hµτ2ν
0 0 0

 , (MD)ij =
v′χ√

2
(h′νχ )ij , (MM )ij =

1

2
Mij .

(18)

Neutrino masses are proportional to v2 with contribution
proportional to 1/v′χ

Juan Sebastian Alvarado Galeano
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Radiative Corrections
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Fermion sector

Overall, the fermion sector implies :
v1 ∼ mt

v′2 ∼ mb,mτ ,mµ

vχ ∼ mJa ,mE

v′χ ∼ mT ,mE

3 massless states at tree level. Thus, radiative corrections
are needed.
v2 ∼ mν
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Conclusions

The model is compatible with a 125 GeV Higgs boson.
Heavy scalar singlets couple entirely to exotic fermions.
Z2 symmetry prevents scalar singlets to have an elevated
mass value.
A fermion mass hierarchy is justified due to the presence of
unobserved scalar particles with different VEV whose
couplings are restricted by a new gauge group.
the 3 lightest particles are massless at tree level but receive
contributions at one-loop level
Neutrinos justify their small masses because of a coupling
to heavy right handed and Majorana neutrinos leading to
an inverse seesaw mass generation.
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