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Motivation to study 331 Models

. At low energies they coincide with the
SM;

. These sort of model are anomally free
only if the family number is 3 or any mul-
tiple of 3;

. They have bileptons charged vector bosons;

. They have new heavy quarks;

. Since one generation of quarks is treated
differently from the others this may be
lead to a natural explanation for the large
mass of the top quark;



Motivation to study SUSY

e Unify bosons and fermions

Q|boson > [fermion >
Q|fermion > = |boson >

F

- Supersymmetric
"shadow " particles

e SUSY local unify with Gravity (Super-
gravity)
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Unify all the gauge constants

Unification of the Coupling Constants
in the SM and the minimal MSSM
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e Solve the hierarchy problem

Q ~ boson v~ fermion
/\2
gauge
boson augino
gaug
= —QOQ— —0
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cancel same if susy is broken

SoomP— Y m?=Mgygy < 1TeV (1)

bosons fermions

Higgs Boson

2
SMj; ~ g* MGy gy ~ Mj, (2)



Understood Spontaneous Symmetry Break-
ing mechanism u>0— u <0
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m¢ ~ 175 GeV imply M; ~ 200GeV
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Lepton sector

e [riplets

e Singlets

The Model

la ~ (1737_1/3)7

€, ~(1,1,1).
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Quark sector

e Antitriplets

dey
QaL: Uy ~ (373*70)7 o — 1721
D, I
(5)
e [riplets
u3
Q3L — d3 ~ (37 37 1/3>7 (6)
T L
e Singlets

’U,(CXLN(S*,]_,—Q/?)), (C)zlﬂ 3LN<3*,1,1/3)
(7)

u%L, TF ~ (3%,1,-2/3), d%L ~ (3%,1,1/3).
(8)



triplets

Ny X3
n = |7 |, x= x; ~ (1,3,-1/3),
77(2) X2
it
p = p ~ (1,3,2/3), (9)
3
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Squarks, Sleptons
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higgsinos

) iy (X3
n = 1|7 |, x=|x |~(@Q,3,-1/3),
s X5
p= | A0 | ~(1,3,2/3),
2
e <P
7 = |7t |.X=|xT |~@Q,3%,1/3),
s 4
P
7 = | 9 | ~(1,3% —2/3). (12)
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Boson Sector
Particle Spin | Superpartner | Spin
u@) vy, | 1 AB %
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LLagrangian

L3315 = Lsusy T Lsoft

supersymmetric Lagrangian

Lsysy = ﬁLepton T EQuark T EGauge T Lscalar
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LGauge = _/d29 WeWe +WW + W |

N
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W is the superpotential
Wy Wz . Wy Ws
W = —4— W= :
2 T 3 2 T 3
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R-parity = (—1)25(—-1)3B+L) (13)

quarks ans charged leptons get their masses
neutrinos remain massless

Triplet |L| Q3| x| mn | p
B charge | O % O/ 0O (14)
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Discrete Symmetry for Proton Stability and
Neutrino Masses in SUSY331RN
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mixing between leptons and higgsinos

HOa ~ HMla ~r M2~y M3 -
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— S (LaXp + pLax) — Z*(Laiip + pLan)
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AL fis s X3 X1 XoXs A P ;
1
—E(wO)TYOxuO + h.c. (21)

P o= Nyvi, j=1,---,21. (22
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M M
( I/N) (MN)15x15
M, three Dirac eigenstates
0O my muy (24)
atmospheric neutrino mass difference
2u
my = ?\/Azzuz + A\Z13 + Aios (25)
M12 = M13 = Aoz =2x 10713,
Map1 = Aaz1 = Aazp = —2 x 10713.(26)
Amgim ~ 5 x 1072 eV (27)

mixing terms turn on, this inverted spectrum
will not only give rise to mass splitting be-
tween the two degenerate Dirac states, it
will also split each Dirac pairs into two non-
degenerate Majorana states
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The inverted hierarchy mass pattern of neu-
trinos in the model
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Conclusion

The famous relation for the R-parity in the
MSSM has been generalized to this kind of
the 3-3-1 models. In this case it relates to
the new conserved charge £. A simple mech-
anism for the mass generation of the neutri-
nos has been explored. We have showed that
the model naturally gives rise to the neutri-
nos an inverted hierarchy mass pattern.

14



Acknowledgments

M. C. R would like to thank to P. V. Dong,
D. T. Huong and H. N. Long to collaborate.
To Viethnam Academy of Science and Tech-
nology by the nice hospitality, warm atmo-
sphere during his stay at Institute of Physics
to do this work

15



