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Table 1: Neutrino oscillation parameter summary. For Dm2
31, sin2 q23 , sin2 q13, and d the upper (lower) row

corresponds to normal (inverted) neutrino mass hierarchy.
Parameter Best fit 1s range

Dm2
21 [10�5eV 2] 7.62 7.43 – 7.81

Dm2
31 [10�3eV 2] 2.55 2.46 – 2.61

Dm2
31 [10�3eV 2] 2.43 2.37 – 2.50
sin2 q12 0.320 0.303 – 0.336
sin2 q23 0.613 (0.427) 0.400 –0. 461 and 0.573 – 0.635
sin2 q23 0.600 0.569 – 0.626
sin2 q13 0.0246 0.0218 –0.0275
sin2 q13 0.0250 0.0223 – 0.0276

d 0.80 p 0 –2 p
d -0.03 p 0 –2 p

global fit for the experimental values requires lowering the values for the mixing angles q12 and q23 of Uo
and at the same time generating a q13 different from zero.

Denoting the entries of UPMNS by Ui j we have:

|U11|= | 2p
6
O11 +

ip
3
O21|= c12c13

|U12|= | 2p
6
O12 +

ip
3
O22|= s12c13

|U13|= | 2p
6
O13 +

ip
3
O23|= s13

|U23|= | 1p
6
O13 � ip

3
O23 +

1p
2

e�ia/2 O33|= s23c13

(18)

The first three equations allow to determine f1, f3 and f2, the fourth one puts bounds on the phase a thus
constraining the strength of leptonic CP violation [25]. At this stage it is worth emphasizing that there is
strong experimental evidence that in the quark sector the VCKM matrix is complex even if one assumes the
possible presence of physics beyond the Standard Model [26]. As a result, it is natural to assume that the
leptonic sector also violates CP.

This scenario allows for a particularly simple solution since, one can reach agreement with the experimental
data by choosing a matrix O with only one parameter different from zero, namely the angle f2. In this case
the relevant Oi j simplify significantly and one can express sin2 (q12), sin2 (q23) and sin2 (q13) simply in
terms of f2, and the phase a, or else. equivalently, in terms of |U13| and the phase a:

sin2 (q13)⌘ |U13|2 =
sin2 (f2)

3
(19)

sin2 (q12)⌘ sin2(qsolar) =
1� sin2 f2

3� sin2 f2
=

1
3 � |U13|2

1� |U13|2
(20)

sin2 (q23)⌘ sin2(qatm) =
1
2
�

p
6sin(a

2 )sinf2 cosf2

3� sin2 f2
=

1
2
�

p
2sin(a

2 )|U13|
p

1�3|U13|2
1� |U13|2

(21)
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Figure 2: sin2 q23 versus |U13|2 obtained by perturbing tribimaximal mixing with f3 = 0. Each curve
corresponds to a fixed a and to f1 = 0 , therefore f2 is the only variable. The points drifting away from
each curve were obtained by varying also f3.

indicated in the figure. The values chosen for this phase are based on the information contained in Figure
2. Points represented by squares and triangles where obtained with one additional mixing angle different
from zero, which in this case was chosen to be f1. Squares and triangles correspond to different values of
the phase a respectively, as indicated in the figure.

Concerning the neutrinoless double beta decay, this process depends on the effective Majorana mass, mee,
defined by;

mee =

�����

3

Â
k=1

U2
1kmk

����� (26)

In the above framework, the dominant terms, ignoring in particular corrections of order Dm2
21/µ2 are:

mee =
µ
3

⇣
1� Dm2

31
2µ2 sin2(f2)

⌘

= µ
3

⇣
1�3Dm2

31
2µ2 |U13|2

⌘ (27)
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Figure 3: ICP versus |U13|2 obtained by perturbing tribimaximal mixing with f3 = 0. Each curve corre-
sponds to a fixed a and to f1 = 0 , therefore f2 is the only variable. The points drifting away from each
curve were obtained by varying also f3.

Agreement with the present experimental bounds, [27] taking into account nuclear physics uncertainties
[29] requires |mee| to be smaller than 0.4 eV . The Heidelberg-Moscow experiment [28] claimed to have
obtained a non-zero result close to 0.38 eV which would imply all three neutrino masses close to 1 eV .
These masses are somewhat above the bound favoured by cosmology, however the cosmological bound
depends on model assumptions and on the data set that is taken into consideration [30].

In this framework, the angle f2 cannot deviate significantly from the value of the Cabibbo angle even
when we extend it to include other non-zero mixing angles. In fact, the range of the allowed experimental
parameters given in Table 1 can accommodate non zero values for the two other angles in the matrix O
requiring them to be smaller than the Cabibbo angle. In this case the simple expressions given above must
be replaced by somewhat more cumbersome and less transparent ones. The solar angle obtained in the
unperturbed tribimaximal mixing case is larger than the allowed experimental values. The angle f2 is the
only one in O capable of lowering its value. The effect of the other two mixing angles is the opposite.
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