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The model:

SM + three Right-Handed Neutrinos (SMRHN)
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The Dirac Lagrangian mass term for the lepton sector is given by

—L=v M, vp + l_LMllR + h.c.



The model:

SM + three Right-Handed Neutrinos (SMRHN)
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The Dirac Lagrangian mass term for the lepton sector is given by

—L=v M, vp + Z_LMllR + h.c.

M is in the diagonal form; this implies: Upmns = 13x3UL is the oscillation matrix



Algebra Polar theorem: C=H U

Counting of Parameters:

6 Reals P. - T'T'Z/ — 4 Real P.
18 — 9 {

3 Phases — W BT — 1 Phase.

One physical prediction, the lightest neutrino mass.
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Weak Basis Transformation
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As a summary:

My.ve Muer, My, m; 0 0 1_
M, = Mmy,ve My,y, My,v, =UpMmNs 0 me O UPMNS
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As a summary:

My.ve Moo, My, mj 0 0 ;
M, = Mmy,ve My,y, My,v, = UPMNs 0 m2 0 UPMNS
My,ve Muyy, My,p, 0 0 mg
* * *
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One texture zero in the diagonal
i 2 2 )k
mMy.,v, —mlerl‘ +m2|U62| +m3‘U63‘ = 0,

Using the constrain U1 |?+|Ue2|?+|Ues|? = 1
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One texture zero in the diagonal
i 2 2 )k
my,.v, —ml‘Uel‘ +m2|U62| +m3‘U€3‘ = 0,

Using the constrain U1 |?+|Ue2|?+|Ues|? = 1

We find that Uea|* = Ue |.
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One texture zero in the diagonal
i 2 2 )k
my.,v, —ml‘Uel‘ +m2|U62| +m3‘U63‘ = 0,

Using the constrain U1 |?+|Ue2|?+|Ues|? = 1

We find that Uea|* = Ue |.

In general Ua2l® = Uan |,

for o = e it my,, =0, a=pitm,, =0, and o = 7 it m,_,, = 0.

Vi
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Numerical Analysis: my,_,, = 0

2 2 2 . 9 i 2
$19C13Ams3, 2 2 9 sin“ @19 — sin“ 612
= m3 — (M3 — m1)C7oC1a. mi) =
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Numerical Analysis: my,_,, = 0
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7. SR, 2 .2 - 2N
81oCy3AM3, sin“ 019 — sin” 615

(M1 —my)

2 2
= mg3 — (m3 — m1)ciaC3. X" (m1) =

()'(SiIl2 912)

m1 = 0.00208 eV, my = —0.00886 ¢V, mg = 0.0501 eV
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a) Plot evaluated at m; =
0.00208 eV.



One texture zero outside the
diagonal

S P S X
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One texture zero outside the
diagonal

x x x

Vi

Using the constrain =~ Ua U} + UeaUly 4+ UesUsls =

m3 — 19

VU U0z + ( ) U Uaf? = 0,

m3 — mi

Which implies ~ Im.(UenU;1UgUu2) = J =0;  CP conserving
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Two texture zeros
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Two texture zeros
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Two texture zeros

For example A7 form:

L1 0 b
A7=[0 =z ¢|.  Diag(mi,—mo, m3)
i onl
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Two texture zeros

For example A7 form:

L1 0 b
A7=[0 =z ¢|.  Diag(mi,—mo, m3)
i onl

Using the invariants tf[M], tr[M?], and det[M].

N 0 (x1—m1)(z14+m2)(—x1+ms3)
1 2x1—m1+ma—ms3
. . (x1—m1+m2)(—z14+m1+m3)(x1+ma—m3)
0 TL+ M1 — My + M3 2x1—mi1+ma—ms3
(x1—m1)(x1+m2)(—x1+m3) (x1—mi1+m2)(—z1+mi1+m3)(z1+ma2—m3) 0

2x1—mi1+mao—ms3 2x1—mi1+mo—ms3
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After diagonalizing this texture, we obtained the UPMNS in terms of the free parameter.

- (x1+m2)(x1+ma—m3)(m3z—x1) (x1—m1)(z1—mi1+m2)(—x1+m1+m3) (x1—m1)(x1+ma2—m3)

(m1+mso)(mg—mq) (221 —m1+mo—mg3) (mi1+msg)(mi1—m3)(—2x1+mi1—mo+ms3) (mi1+mso)(—mq+m3)

UpMNS = . (m1—z1)(m3—z1)(—z1+m1+m3) - (z1+mg2)(z1—m1+m2)(z1+mo—m3) (z1+mg2)(—z1+m1+m3)
(m1+m2)(ma+m3)(—2z1+m1—ma+m3) (m1+m2)(ma+m3)(2z1—m1+ma—ms3) (m1+m2)(ma+m3)

(x1—m1)(z1+m2)(T1—m1+m2) (x1—m3)(z1—m1—m3)(T1+m2—m3) (x1—m1+ma2)(z1—m3)
(m1—m3)(ma+m3)(—2z1+m1—ma+m3) (m1—m3)(m2+m3)(—2z1+mi1—ma2+m3) (m1—m3)(ma+m3)
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After diagonalizing this texture, we obtained the UPMNS in terms of the free parameter.

_\/ (x1+m2)(x1+ma—m3)(m3—zx1) (x1—m1)(z1—mi1+m2)(—x1+m1+m3) \/(wl—ml)(xl—l-mz—ms)
(m1+mso)(mg—mq) (221 —m1+mo—mg3) (m1+msg)(mi1—m3)(—2x1+mi1—mo+ms3) (mi1+mso)(—mq+m3)
i (m1—z1)(m3—zx1)(—x1+m1+m3) (z14+mo)(x1—m1+mo)(x1+ma—ms3) (x14+mo)(—z1+m1+ms3)
UpMNs = _\/(m1+ﬂ12)(71n2+fn3)(1—2$1}|-m1l—mzim3) _\/(m11+m22)(m;+m;)(2w21 —771%1-}-77212—7?13) \/ l(ml-imz)(lTnz-i-lmB) )
\/ (x1—m1)(z1+m2)(r1—m1+m2) \/ (x1—m3)(z1—m1—m3)(z1+m2—m3) \/(wl—m1+m2)(x1—m3)
(m1—m3)(mae+ms3)(—2x1+mi1—ma+ms3) (m1—m3)(me+ms3)(—2z1+mi1—ma+ms3) (m1—m3)(ma2+ms3)

However, this particular matrix is obtained from the neutral sector, we call this type
of matrix an oscillation matrix.

0.801 — ().842 0.519 — 0.580 0.142 — 0.155
UbpmyNns = 0.248 — 0.505 0.473 — 0.682 0.649 — 0.764
0.270 — 0.521 0.483 — 0.690 0.628 — (.746

28



* Numerical analysis of the form

In the numerical analyses we use the values of the neutrino squared masses and the values of
the mixing angles:

Am2, = = (2.47—2.63) x 10 %eV
Amsol = (6.94 —8.14) x 10~ °eV Amgl,
sin? Ogpm = (4.34 —6.10) x 10~ = sin® a3,
sin 0, = (2.71 —3.69) x 10~} = sin® 6;,,
Sin? Opege = (2.00 — 2.41) x 10™2 = sin® 63,

29



* Numerical analysis of the form

In the numerical analyses we use the values of the neutrino squared masses and the values of
the mixing angles:
2.47 — 2.63) x 10 %eV

6.94 — 8.14) x 10~ %eV Am%l,

Ama,tm = )
( )

sin? Ogpm = (4.34 —6.10) x 10~ = sin® a3,
( )
( )

A’rn’sol =

271 — 369 X 10_ = SlIl 9127
2.00 — 2.41) x 10™2 = sin? 63,

SiIl2 v sol —

sin? 0 o

.9 - 2N -
0 sin“ 6;; — sin” 6;; . e
x“(my,x1) = E e ‘ , with 4,7 =1,2,3.

i<i g (SlIlz gij)
And, with the constrains ms3 > 1 > m1, 221 > m3, x1 + ma > m3 to have real solutions

We obtain my| = 0.0333 |my| = 0.0344 |ms3| = 0.0608 eV
sin? 1 = 0.315, sin? 63 = 0.646, sin? 615 = 0.022.
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Following the same procedure for the other eight textures, the results are:

Texture SiIl2 912 SiIl2 923 SiIl2 913 \ml\ (GV) ‘mg‘ (GV) |m3| (GV)
1: Ay 0.298 0.250 0.022 0.0018 0.0091 0.0012
2: A 0.305 0.018 0.014 0.0044 0.0096 0.0003
3: As 0.334 0.007 | 0.022 0.0021 0.0087 0.0501
4: Ay 0.318 0.200 0.022 0.0046 0.0097 0.0012
5: As 0.465 0.010 0.032 0.0153 0.0175 0.0534
6: Ag 0.024 | 0.003 0.014 0.0209 0.0227 0.0546
7. Ar 0.315 0.646 0.022 0.0333 0.0344 0.0608
8: Ag 0.022 0.015 0.023 0.2685 0.2686 0.2731
9: Ag 0.023 0.016 0.023 0.2765 0.2767 0.2810
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Two texture zeros off the diagonal

None of the three cases is viable because each one of them is associated with a vanishing
oscillation parameter

Al() — 913 =0 : A11 — 923 = (J and A12 — 012 = (J
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Two texture zeros off the diagonal

None of the three cases is viable because each one of them is associated with a vanishing
oscillation parameter

Al() — 913 =2 : All — 923 = and A12 — 912 = U
Two texture zeros in the main diagonal

Our result shows that none of the three different textures with two zeroes in the main
diagonal is able to reproduce the three measured mixing angles in the Upmns
oscillation matrix.
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Conclusions

* The texture zeros diminishing the mathematical parameters in the models.

 The texture zeros give us an alternative to the PDG mixing matrix parametrization, in a
function of four parameters for two texture zeros.

 CP-symmetry is conserving when we have at least one zero off the diagonal.

* The forms with two texture zeros only one of them predict a neutrino mixing compatible
with the current neutrino oscillation phenomenology.
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