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Open problems in particle physics
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dark matter

Flavor puzzle




What we Know

* [n the SM neutrinos are

massless
Origin of  Neutrino oscillations tell us
neutrino that they must have a mass

masses

Am2, ~74x107°%eV?  |AmZ,| ~2.5x 1073 eV?




What we Know

* [n the SM neutrinos are

massless
Origin of  Neutrino oscillations tell us
neutrino that they must have a mass

masses

Am2, ~74x107°% eV?  |AmZ, | ~2.5x 1073 eV?

What we do not Know

e Are neutrinos Dirac or * Do we have normal or
Majorana? inverted ordering?

« What is the mechanism that ° Is there CP violation in the
generate neutrino masses? leptonic sector?



What we Know

* [n the SM neutrinos are

massless
Origin of * Neutrino oscillations tell us
neutrino that they must have a mass

masses

Am2, ~74x107°%eV?  |AmZ,| ~2.5x 1073 eV?

What we do not Know
e Are neutrinos Dirac or

e Do we have normal or
Majorana? inverted ordering?
e What is the mechanism that 7° Is there CP violation in the
generate neutrino masses? leptonic sector?

Future long baseline
oscillation experiments
(T2HK, DUNE)




What we Know

* [n the SM neutrinos are

massless
Origin of  Neutrino oscillations tell us
neutrino that they must have a mass

masses
Am2, ~74x107°%eV?  |AmZ,| ~2.5x 1073 eV?

What we do not Know

« Are neutrinos Dirac or Do we have normal or
Majorana? inverted ordering?

« What is the mechanism thatl/7””* Is there CP violation in the
generate neutrino masses? leptonic sector?

How much can these

experiments tell us? Future long baseline
oscillation experiments
(T2HK, DUNE)




How do we give mass to neutrinos?

AL conserved

Higgs
mechanism
v
My ~ Yy ﬁ

Y, < 6.5-10713

Why so small?

AL largely violated

High scale

AL approximately conserved

Low scale see-

See-saw saw
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If y2 ~ O(1) = M ~ 10" GeV, p< 1

If y2> ~ O(y2) — M ~ 1GeV,

Schechter and Valle 1980; Mohapatra and
Senjanovic 1979; Minkowski 1977; Gell-Mann,
Ramond and Slansky 1979; Yanagida 1980

Symmetry protected
scenarios

Mohapatra, & Valle 1986 ; Akhmedov, Lindner,
Schnapka, and Valle 1996; Gonzalez-Garcia and
Valle 1989; Gavela, Hambye, Hernandez 2009;
Bernabéu, Santamaria, Vidal, Mendez, and Valle
1987; Mohapatra 1986 3
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LISS Model



We add two new neutrinos to the SM Np N3
particle content

L=1 L =-1
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Sources of lepton number violation
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Linear-inverse seesaw (LISS) = Linear seesaw + Inverse seesaw
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The two heavy neutrinos form a pseudo-Dirac pair



LISS Phenomenology

Averaged-out
Non Unitarity

Not directly testable
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Oscillations
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Neutrinos
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Oscillation phenomenology of the
LISS model



PMAS
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At short baselines
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Flavor structure
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DUNE will test the robustness of the three-neutrino
picture

Sanford Underground
Research Facility

_______

DUNE-ND complex
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Disappearance channels
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Appearance channels
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How do we compare with current experiments?

Parameter Channel | Current (90% C.L.) | DUNE expected (90% C.L.)
0.00036 LM [90] (0.0043 LM
4|UeqUes? ve DIS 0.00036 R [90] $0.0027 R
0.00036 HM [90] (0.0043  HM
0.00076 LM [91] (0.0011 LM
4|UuaUps|? v, DIS 0.00076 R [91] £0.00035 R
0.00076 HM [91] (00011 HM
(0.00011 LM [92] (34-10°6 LM
UeaUesUpaUys| | ve APP 4 < 0.00014 R [92] $82-107% R
10.00014  HM [92] (4.6-107° HM
(27107 LM [92] (1.9-107° LM
|UraUrsUpaUps| | v- APP | { <3.6-107° R [92] $3.0-107> R
(3.6-107°  HM [92] (2.5-107° HM

Dune does better than
current bounds
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Effect of CP violating phases
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Conclusions

* The Linear Inverse Seesaw (LISS) model provides a viable
framework for generating neutrino masses consistent
with current oscillation data.

* In certain regions of the LISS parameter space, neutrino
oscillation experiments currently set the most stringent
constraints.

* Future experiments such as DUNE are expected to provide
leading constraints on the LISS model, in the regions of
parameter space where oscillation effects are accessible.
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