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INTRODUCTION

Why to study the Earth’s interior?

The knowledge of the composition and inner structure is essential for the

understanding of the basic geological phenomena, such as
and
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Among other applications, are also the and the location of
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WHAT METHODS ARE
THERE TO STUDY THE
INTERIOR OF THE EARTH?

The two main ways to study
the internal composition of
our planet are the direct
extraction of minerals
and rocks from the surface
and the study of the
propagation of seismic
waves.




Seismic Waves generated by the 2002
Denali Fault, Alaska, Earthquake

Screen capture from Alan Jones' Seismic
Waves program, which is freely available
from his web site.

AK: 2002 Denali Earthquake, Alaska — Surface
Nov. 3, 2002
22:12:1 — S LA
Depth: 5
Mag: 7.9
o M antle;
UITETOTE
% cTAG

Earth Cross-Section




Outer core

Fundamental roles

e (Convection currents
* Tectonic plates
* Earth magnetic field

Composition

Composed mainly of iron together
with other elements not yet
determined. These could be:
nickel, oxygen, carbon, silicon,

hydrogen and sul
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NEUTRINO OSCILLATIONS

A way to determine the presence of the elements that
constitute the interior of the Farth is to use the

phenomenon of neuttino oscillations. @ @

An interesting feature of neutrino oscillations is that the
conversion of one flavor to another is affected by the
density of electrons that exist in the medium where they
propagate. The main motivation of this work was to try
to show that the phenomenon of oscillations can help
to determine the structural composition of the Earth, in
particular that of the outer core.




NEUTRINO SOURCES

Cosmological v

¢ Suﬂ Solar v

Supernova burst (1987A)

¢ Blg Baﬂg . Background from old supernovae

* Supernova

* Atmospheric

Terrestrial anti-v

Atmosphericv
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Cosmogenic

e Nuclear reactors i
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NEUTRINO OSCILLATIONS

Oscillations 1n vacuum
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NEUTRINO OSCILLATIONS

Oscillations 1n vacuum

Principal Oscillations
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NEUTRINO OSCILLATIONS

Oscillations 1in matter

The presence of matter in the trajectory of neutrinos can affect the transition probabilities. The result of
this interaction is the addition of a potential to the Hamiltonian in the Schrodinger equation.

Heﬂ"(r) — Hvac + Vm(r)
(Ve(r) 0 0 ) (VCC (’I“) + VCN(T) 0 0 )
Vin(r) = 0 V,.(r) 0 = 0 Ven(r) 0
0 0 VCN(T)
S
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NO OSCILLATIONS

Oscillations 1n matter

By means of a phase transformation in the Schrodinger equation and a few algebraic manipulations, it is
possible to get rid of the neutral current term V¢ to obtain the Hamiltonian:
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Densidad de la Tierra
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Nucleo externg

Nucleo

Volumen, masa y densidad de la Tierra
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Normal Hierarchy and 0,3 < 45

n=0

P(ve—ve)
1

'y
/
/
'
/
.
/7
;!
7
/
/

0.9

. -
N e

—

Fe+0wt% H

----- Fe+1lwt% H

''''' = Fe+2wt% H
== = Fe+5wt% H

| | | | | | | | | | | E[GeV]
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 115 12.0



Pve—ve)

Normal Hierarchy and 0,3 < 45
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Normal Hierarchy and 0,3 < 45

n=0
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Normal Hierarchy and 0,3 < 45

n=22°
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Normal Hierarchy and 8,5 > 45
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Normal Hierarchy and 8,5 > 45
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Inverted Hierarchy and 8,3 < 45
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Inverted Hierarchy and 8,5 > 45
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% deviation for the number of events.
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