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Sterile Neutrinos from Flavor Gauge Dynamics

there are many models aspiring to solve the electro-weak

symmetry breaking problem

some of them introduce a new gauge dynamics (TC-like models)

not a new idea is to gauge flavor (family, horizontal) symmetry
SU(3)F

but its particular implementation in the recent model can bring
new inspiration

here we present consequences of the recent model

rich sector of sterile neutrinos

rich spectrum of neutrino spin-0 composites - majorons
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The model - strong flavor dynamics

=

R L R R L L

at the scale ΛF � MW the flavor symmetry is broken by its own
dynamics providing

mass matrices for fermions m(p)

SU(3)c × SU(3)F
︸ ︷︷ ︸

8×MF

×SU(2)L × U(1)Y
︸ ︷︷ ︸

3×MW,Z

ΛF
−→ SU(3)c × U(1)em

breaking of the electro-weak symmetry ⇒ MW±,Z0

breaking of the flavor gauge symmetry ⇒ MF ∼ ΛF
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The model - hierarchies

strong dynamics is promising in generating large hierarchies

MW

MF

� 1,
m

MF

� 1,
m1

m2
� 1
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The model - requirements

The model requires

to be strongly coupled and asymptotically free

to have the theory under control in UV
to create a scale ΛF (& 10−6 TeV ⇐ FCNC),

to have a non-vector-like gauge boson–fermion coupling

not to be QCD-like,

not to have confinement of the flavor.
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The model - idea

Main concept is

to put left and right u, d, and e fermions into distinct combinations
of flavor representations

ql uR dR lL eR

case I 3 3 3 3 3

case II 3

to distinguish their mass matrices

m3×3 6= m
3×3

6= m
3×3

6= m
3×3

as a result the model is non-vector-like!
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The model predicts sterile neutrinos

From

gauge anomaly freedom

asymptotic freedom

a limited number of sterile neutrinos arise
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Flavor gauge anomaly freedom

Σ = 0

sterile neutrinos νR has to be added

they are electro-weak and color singlets
they are in balanced combination of flavor representations

3,3,6, 6,8,10,10, . . .

that compensates the non-vanishing anomaly contribution of
electro-weakly charged fermions
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Asymptotic freedom

not to disturb flavor asymptotic freedom the number of sterile
neutrinos νR is limited

β(h) = −
h3

(4π)2

[

11 − 5 −
2

3
ηAF

]

⇒ 1/2N3 + 5/2N6 + 3N8 + 15/2N10 + ... ≡ ηAF < 9
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Main result - all possible settings of sterile neutrinos

setting (4π)2

h3 β # of νR

case I 3 × 3 −5 9
case II 5 × 3 −13/3 15
case II 1 × 6 + 2 × 3 −11/3 11
case I 1 × 6 + 4 × 3 −3 13
case I 1 × 6 + 10 × 3 −1 36
case II 1 × 6 + 12 × 3 −1 39

+n × (3 + 3)
+m × 8

+k × (6 + 6)
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Global symmetry among sterile neutrinos

copies of sterile νR flavor multiplets has to be introduced

=⇒ global sterile symmetry GS

for the simplest case 3 × 3 the global sterile symmetry is

GS = U(1) × SU(3)
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Note - Global sterile symmetry can be reduced

in cases where

some νR’s are in r

some νR’s are in r

the global sterile symmetry GS is explicitly broken by hard Majorana

masses

(νRr)cMνRr + h.c.
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Majorons from spontaneous global sterile symmetry

breaking

mass matrix for neutrinos (generated by the flavor gauge dynamics)
breaks the global sterile symmetry GS

⇒ Nambu–Goldstone bosons = majorons J

there are two types of majorons

heavy majorons
light majorons
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Heavy majorons

some U(1) subgroups of the global sterile symmetry GS have
anomaly

corresponding majorons are heavy, they acquire large mass by
instanton effect

M ∼ ΛF

the heavy majorons couple predominantly to sterile neutrinos and
flavor gauge bosons
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Light majorons

anomaly free subgroup of the global sterile symmetry GS provides
majorons that are light,
they could acquire a tiny gravitationally generated mass (∼ eV)

they can possibly account for the observed dark matter component
of the Universe

the light majorons have a coupling to fermions

J

ν

ν

J

ν

e

e
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Conclusions

The model of EWSB due to strong flavor gauge dynamics has been
presented.

The model has one parameter h and one scale ΛF responsible for
EWSB.

The model is based on assumption that

the flavor gauge dynamics breaks its own gauge symmetry

the flavor does not confine

the solution of S.–D. equations exists and is hierarchical.

We study the consequences of the model:

sterile neutrinos
majorons
other spin-0 composites: axions, etc. (not discussed here)

possible dark matter components
physics of low-energy frontier.

Adam Smetana CP3 2010 Odense, Origin of Mass



Conclusions

The model of EWSB due to strong flavor gauge dynamics has been
presented.

The model has one parameter h and one scale ΛF responsible for
EWSB.

The model is based on assumption that

the flavor gauge dynamics breaks its own gauge symmetry

the flavor does not confine

the solution of S.–D. equations exists and is hierarchical.

We study the consequences of the model:

sterile neutrinos
majorons
other spin-0 composites: axions, etc. (not discussed here)

possible dark matter components
physics of low-energy frontier.

Adam Smetana CP3 2010 Odense, Origin of Mass



Conclusions

The model of EWSB due to strong flavor gauge dynamics has been
presented.

The model has one parameter h and one scale ΛF responsible for
EWSB.

The model is based on assumption that

the flavor gauge dynamics breaks its own gauge symmetry

the flavor does not confine

the solution of S.–D. equations exists and is hierarchical.

We study the consequences of the model:

sterile neutrinos
majorons
other spin-0 composites: axions, etc. (not discussed here)

possible dark matter components
physics of low-energy frontier.

Adam Smetana CP3 2010 Odense, Origin of Mass



Conclusions

The model of EWSB due to strong flavor gauge dynamics has been
presented.

The model has one parameter h and one scale ΛF responsible for
EWSB.

The model is based on assumption that

the flavor gauge dynamics breaks its own gauge symmetry

the flavor does not confine

the solution of S.–D. equations exists and is hierarchical.

We study the consequences of the model:

sterile neutrinos
majorons
other spin-0 composites: axions, etc. (not discussed here)

possible dark matter components
physics of low-energy frontier.

Adam Smetana CP3 2010 Odense, Origin of Mass



Reference:
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Appendix I: The non-vector-like model

The model is built as non-vector-like but around the energy scale & ΛF

case 3 × 3

ΨL =
















u1

L

u2

L

u3

L

d1

L

d2

L

d3

L

(d1

R
)c

(d2

R
)c

(d3

R
)c
















, ΨR =
















u1

R

u2

R

u3

R

(νL)c

(eL)c

eR

νi
R

νii
R

νiii
R
















Gchiral = U(9)R × U(9)L

LF = ΨRiD/ ΨR + ΨLiD/ ΨL QCD-like theory

case 1 × 6 + 4 × 3 – non-minimal νR-setting

Gchiral = U(13)3L × U(6)3R × U(1)6R
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Appendix II

Gauge boson SDE

+ +=
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Appendix III

h(µ2)

1

Λ2
F µ2

β(h)

h

h∗

h∗
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Appendix IV

=

R L R R L L

m(p) =

∫
d4k

(2π)4
Dab(k + p)Tam(k)[k2 − m∗(k)m(k)]−1Tb
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