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Mixing matrix

Neutral heavy leptons are a common feature of many extensions of the SM and

play and important role in models for neutrino mass generation. The seesaw

mechanism is perhaps the most representative example.

Un×n
αi =

(
N S
V T

)
NN† + SS† = I ,
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Mixing matrix

N = NNP U3×3 =

 α11 0 0
α21 α22 0
α31 α32 α33

 U3×3

α11 = c1 n c 1n−1c1 n−2 . . . c14,

α22 = c2 n c 2n−1c2 n−2 . . . c24,

α33 = c3 n c 3n−1c3 n−2 . . . c34,

Escrihuela, Forero, OGM, Tortola, Valle PRD 93 053009 (2015)
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Mixing matrix

NN† =

 α2
11 α11α

∗
21 α11α

∗
31

α11α21 α2
22 + |α21|2 α22α

∗
32 + α21α

∗
31

α11α31 α22α32 + α31α
∗
21 α2

33 + |α31|2 + |α32|2


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Zero distance effect

Pµe = α2
11|α21|2 =

1

2

[
sin2 (2θµe)

]
eff
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Zero distance effect in future shorte baseline experiments

SBN FNAL program and DUNE ND

Coherent elastic neutrino-nucleus scattering
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OGM, Papoulias, Sanders, Tortola, Valle, arxiv:2008.02759
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Oscillation probabilities

Pµe = (α11α22)2P3×3
µe + α2

11α22|α21|P I
µe + α2

11|α21|2,

P I
µe = −2

[
sin(2θ13) sin θ23 sin

(
∆m2

31L

4Eν

)
sin

(
∆m2

31L

4Eν
+ φ+ δCP

)]
− cos θ13 cos θ23 sin(2θ12) sin

(
∆m2

21L

2Eν

)
sin(φ),

with −δCP = φ12 − φ13 + φ23 and φ = INP = φ12 − Arg(α21).
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Oscillation probabilities
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Non-unitarity is theoretically well-motivated

Different neutrino experiments can complement each other to get the
parameters better constraint
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	The CP phase

