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A new physics scale

But a very high M worsens the Higgs hierarchy problem

Lightness of v masses could also come naturally from an
approximate symmetry (B-L)

eV keV MeV GeV

M could be anywhere...

Very different phenomenology at different scales
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Collider searches
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Collider
searches
See talk by Richard Ruiz
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leed Target searches VS Ieptogene5|s
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Collider
searches
Meson decays
peak searches
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Kinks in B decay spectrum = Precision
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Meson, B decay + other searches
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Cosmology constraints
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A new physics scale

Short and long
baseline
v oscillations

‘| eV keV MeV GeV

I will concentrate in the very high (M, > 100 GeV)
and very low (M, < 1 keV) limits
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Probing the Seesaw: Non-Unitarity
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The 3x3 submatrix N of active neutrinos will not be unitary
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The new phases in
a imply new
sources of CP
violation that could
be confused with
the standard

If uncosntrained
and allowed in the
fit they destroy the
CPV discovery
potential of DUNE

See also: F. J. Escrihuela, D. V. Forero, O. G. Miranda, M. Tortola, and J. W. F. Valle 1612.07377.
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Probing the Seesaw: Non-Unitarity

In general N = (1—«) -U with « lower triangular and U Unitary

Gefrom p decay is affected!
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But G, = =
EREIYH (YERVE)
Agree at the ~per mille level

Measurements of s, or tests
of CKM unitarity from /S and
K decay also constrain G¢

Lepton weak universality from
7, K and 7 decay ratios

LVF processes from the loss of
the GIM cancellation...



Probing the Seesaw: Non-Unitarity

Recent bounds from a global fit to flavour and Electroweak
precision data (28 observables considered)
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In general N = (1— ) -U with o lower triangular and U Unitary
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The new phases in
a imply new
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the standard

With ~10-3 priors on
NU, the CPV
discovery potential
of DUNE is
recovered

See also: F. J. Escrihuela, D. V. Forero, O. G. Miranda, M. Tortola, and J. W. F. Valle 1612.07377.



Probing the Seesaw: Steriles

For very light (< keV) extra neutrinos these strong constraints
are lost and v oscillations are our best probe of this scale.
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Steriles vs NU

“Non-Unitarity” “Light steriles”
(m > EW) Am? > 100 eV? Am? ~0.1 —1eV?
Cee 1.3-1073 2.4-1072 1.0-10-2
o 2.2.10~4 2.2-1072 1.4-1072
Oy 2.8-1073 1.0-1071 10-10-1
e | 681071 (2.4-1077) 2.5-1072 17.102
|tz 2.7-1073 6.9-1072 45.10~2
[y 1.2-107% 1.2-1077 53. 102

EFM, J. Hernandez-Garcia and J. Lopez-Pavon 1605.08774
M. Blennow, P. Coloma, EFM, J. Hernandez-Garcia and J. Lopez-Pavon 1609.08637
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Steriles vs NU
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M. Blennow, P. Coloma, EFM, J. Hernandez-Garcia and J. Lopez-Pavon 1609.08637
C. S. Fong, H. Minakata and H. Nunokawa 1609.08623



Steriles vs NU
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At leading order “heavy” non-unitarity and avergaed-out
“light” steriles have the same impact in oscillations

M. Blennow, P. Coloma, EFM, J. Hernandez-Garcia and J. Lopez-Pavon arXiv:1609.08637



Other mechanisms for neutrino masses

. o Loop level n ;
Type I seesaw p e
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Neutrino mass mechanisms different from the type-I Seesaw
involve charged particles - Collider and precission searches



Conclusions

» Neutrino masses and mixings point to a new physics
scale where Lepton number is broken

» Different phenomenology depending on the scale

Cosmology
Short and long Collider
baseline searches
v oscillations Meson decays
peak searches
[ ev keV MEV GeV Tev
Kinks in B decay spectrum Fived Precision
target electroweak
searches and flavour
Neutrinoless double beta decay violation




Probing the Seesaw: Non-Unitarity

Non-unitarity from heavy v mixing is beyond the reach of
present and near future facilities (given the 10-3-10
bounds)

180
But it could be probed
at a Neutrino Factory? 90y .
& 0
_90' . )
~180 ' ' '
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EFM, B. Gavela, J. Lopez-Pavon and O. Yasuda hep-ph/0703098 nw
S. Antusch, M. Blennow, EFM and J. Lopez-Pavon arXiv:0903.3986



Averaged out steriles at DUNE
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If uncosntrained they can also hinder DUNE’s hability to determine the octant
or maximality of 6,5 but with present bounds they are not a problem

M. Blennow, P. Coloma, EFM, J. Hernandez-Garcia and J. Lopez-Pavon arXiv:1609.08637



