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Abstract Seesaw approximation

In the framework of the extension of the Standard Model with gauge symmetry The Majorana mass matrix for the left handed neutrinos may be written in this seesaw
S5U(2); ® SU(2)r ® U(1)y: and additional exotic fermions known as mirror fermions, approximation as
the neutrl.no masses are.estlmated, which are con5|ster.1t with the e.xperlmental b.ounds M, ~ M, — Mp MEI Mg | (8)
and the hierarchy. Starting from the more general Majorana neutrino mass matrix, the
mass of the active and sterile neutrinos is determined with the application of a double We assume a scenario where the dominant contribution for the active known neutrinos
seesaw mechanism. The mass scale of a light sterile neutrino is analyzed. comes from the M matrix having the same structure of a Type | seesaw. We can
explicitly write
Spontaneous symmetry breaking M, ~ M, = (/TT g) , where (9)
0 0 0 o 0'12 0'13
G — Gsy — SU(3) ® Ugl)Q (1) o 0 0 o o' o Wy Wy
WhereGgM is the SM group symmetry anc_:l % = T3r + % The Higgs sector to induce MT=10 0 0 oyu| " |opos| ™ My Mss
the SSB involves two doublets of scalar fields: 0'11 021 0’31 My My, M3
¢ =(1,2,1,1) d — (1,1,2,1) (2) T — \% oji. In this scenario we explore the possibility that one of the mirror neutrinos
- b N y - b N

obtains a mass of the order of a few eV/'. Therefore, applying the seesaw approximation
again to M;, Eq.(9), we obtain

o b <O> L <O >= \% (0) . (3) (M )asa =m— i~ (10)
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By assuming the natural hierarchy |(M,);| < |(Mp);| < |(Mg);;| for the mass terms,

. M, M . . . e
The model the mass matrix (Mé MD> can approximately be diagonalized, yielding
D R

The LRMM formulation is based on the gauge group SU(2); ® SU(2)r ® U(1)y:. (V T ) <MV 0 ) ((W/;)R>
vl vl 9

with the "Vacuum Expectation Values” (VEV's)

Fermion content is: 0 Mg (V'))r
0 ~0
o (V6> e 0 7DR _ <Zb> &Y, where, neglecting O (Mp M;') terms, we may write in good approximation
€; ! €, R WIVL,R ~ WVL,R1 and V' CVL,R ~= ng R
Q0 — u; O do 0 — E,O 20 The matrix M, in Eq.(9), may be diagonalized by using a unitary transformation

L dlo L7 ) LS00 L dlo R7 R Uf ML U= Dlag (ml, my, ms, Iﬁl, Iﬁz, Iﬁg) -

The most general potential that develops this pattern of VEV's is where the mixing matrix U compatible with our framework is written in good
; " St M {2 SN ; o approximation as
V=-(ud'® + 1o .<I>) + Z[(¢TD) +.(<I> <|>) | 4+ Ao(PTD)(PTD)]. U Upea o
The scalar Lagrangian for the model is written as e e L
Lse = (D/L(D)JF(QMCD) T (Du(b)Jr(Du(b) U4
where D, and D,, are the covariant derivatives for the SM and the mirror parts, (U1B)3x3 U
: U4><4 ~ . |U,‘4‘ ~ ‘U4,'| < 0.1

respectively. Usy ~

Quantum numbers

Heavy neutrino signals

The quantum numbers of these fermions under the gauge group G defined above are

given by Heavy Majorana neutrino singlets can be produced in the process ¢ — W* — [*H
[~ (1,2,1, =), v ~ (1,1,1,0)r, e ~ (1,1,1, —2)ip with | = e, i, 7, which cross sections depend on My and the small mixing V).
vy~ (1,1,1,0), € ~ (1,1,1, _2),-L7/7i)R ~(1,1,2,—1)jr Heavy Majorana neutrino decays in the channels N — W*/F N — Zvy; and N — Huy,.
W (3.1.1, %)iR, 4~ (3.1.1, %)iR The partial widths for the N decays are
4 2 _ _
a?L ~ (37 1, 17_)fL7 a\lo ~ (37 1, 17_)iL r(N — W™l ) — r(N — W /—I_)
13 f, e’ ) My My
0 A0 — Un|"—5-(1
Q,‘L ~ (37 27 17 §)iL7 QiR ~ (37 17 27 §)iR 647-‘-592W‘ IN‘ Mﬁv( m/2V)
The last entry corresPonds to the hypercharge (Y’) with the electric charge defined as (14 Mz, QMﬁV)
Q=Ts + Tr+ > - m} miy

Majorana neutrino mass matrix

)

where | (1) e Applying a double seesaw approximation to the more general Majorana-type neutrino

(V)L = (Z’) 7 (V) p = <(Z'C)> (5) mass matrix, an approximate analytical diagonalization was performed for light
YiJ LR Vil LR neutrinos, allowing the possibility that one mirror neutrinos play the role of a sterile
0 \% o % \% T neutrino with mass on the scale of eV/, that is, m; ~ O(1 eV).
M, = 7 Mp = 7 (6) e We are currently doing a detailed numerical analysis to accommodate the masses and
\% T M \% T 0 mixing angles of the light neutrinos consistent with the neutrino oscillation data.
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