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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 volcanology, 
earthquakes and mountain formation.
Among other applications, are also the extraction of  minerals and the location of  
oil fields.



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.





Fundamental roles

• 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 sulfur.



NEUTRINO OSCILLATIONS

A way to determine the presence of  the elements that 
constitute the interior of  the Earth is to use the 
phenomenon of  neutrino 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

Natural sources:
• Sun
• Supernova
• Big Bang
• Atmospheric

Artificial sources:
• Nuclear reactors
• Accelerators



ATMOSPHERIC NEUTRINOS

When the cosmic rays enter the 
Earth they collide with the nuclei 
that are in the upper part of  the 
atmosphere. The result of  these 
collisions gives, mainly, the 
production of  pions !± and 
kaons #±. On average, for each 
electron neutrino there are two 
neutrinos of  the muon.



NEUTRINO OSCILLATIONS
Oscillations in vacuum

Principal Oscillations



NEUTRINO OSCILLATIONS
Oscillations in vacuum



NEUTRINO OSCILLATIONS
Oscillations in 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 Schrödinger equation. 



NEUTRINO OSCILLATIONS
Oscillations in matter

By means of  a phase transformation in the Schrödinger equation and a few algebraic manipulations, it is 
possible to get rid of  the neutral current term !"" to obtain the Hamiltonian:

with
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% deviation for the number of events.
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