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Summary of the talk

1) New neutrino states

2) How to search for Sterile neutrinos?
3) Hints of sterile neutrinos

4) Constrains on sterile neutrinos

5) Present search for sterile neutrinos
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The neutrino and charged lepton always have the
same flavor.
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e don't see neutrinos: Weak interaction changes flavour

V

Usually /abel the neutrino state producing an electron as electron neutrino




In early experiments (over short distances) a . at source would always interact as a v,
producing an e~
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Zenith angle dependence In 1998, Kajita show this slide:
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2008: KamlLand experiment aSd MINOS experlment 2010: UFG/USP/UNICAMP
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e Pontecorvo(1958) :

Flavor of Neutrinos, . 1, 1+ are a linear combination of states with well defined mass,
1 V2 V3
we have

Ve = +cosf vy +sinf vy
Vy = —sinf vy + cos O vy

the states v, e v, are mass eigenstates




Over larger distances we have
Not use v, the fundamental particles are v, s, 3

5

Coherent Quantum Mechanics superposition

lv(t)) = IR s V1) + Uege tE21 lv2) + Uz 28! |3)



The Nobel Prize in Physics
2015

The first discovery in particle physics
of new phenomena beyond the Standard Model.

hoto: A. Mahmou Photo: A. Mahmoud
Takaaki Kajita Arthur B. McDonald
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physics 2015 was awarded jointly to Takaaki Kajita
and Arthur B. McDonald "for the discovery of neutrino oscillations,
which shows that neutrinos have mass"






New types of neutrinos

|s possible to have other neutrino states?

More probably not: more copies of the flavour neutrinos are not allowed.

Experimental result: only three neutrinos interact.
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History of Poltergeist experiment



http://permalink.lanl.gov/object/tr?what=info:lanl-repo/lareport/LA-UR-97-2534-02
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Electromagnetic Wave
“" -4 Magnetic Field (B)
AN

Electric

A Harmonic oscillator

Light refraction: v = ,—(;







ICECUBE test of sterile oscillation

Atmospheric neutrino detector
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Null results
combined
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STERILE SEARCH
The MiniBoane detector at Fermilab searched for sterile neutrines by looking at how mamy muon neutrines changed into electron nevtrinos as they travelled

from the neutrino generatot to the detector. The experiment failed to find evidence of sterile nevtiinos Minesal ol
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Appearance Probability

MINI-BOONE RESULTS IN 2018
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Sterile neutrinos?

Strong hint of sterile neutrinos in MINI-BOONE (small hint in LSND/reactor anomaly)

We should understand about the conflict of muon
disappearance and electron appearance

Possible alternatives: experimental error”?, another explanation for such small
appearance probabilities?

Conflict with cosmology: too heavy neutrino and too many
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Sao Paulo School of Advanced Science on Experimental Neutrino Physics

The Sao Paulo School of Advanced Science on Experimental Neutrino Physics (SP - SASEN) proposes to disseminates information and methods in the area, especially to
young students and researchers interested in neutrino physics. It will present a general view on key topics with the aid of renowned specialists.

There will be seven main topics:

= Neutrino oscillation phenomenology

= Long baseline neutrino experiments

« Short baseline neutrino experiments

« Sterile neutrinos

=« Supernova neutrinos

» Neutrino mass measurements

« Experimental techniques for neutrino detection

There will also be offered hands on activities in which discussion on new technologies will be stimulated. The participants will also be able to present their works in the
form of posters during the school. A visit to the Laboratério Nacional de Luz Sincroton (LNLS) is also planned.




