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Astropartícula           astro + partícula

Astro: del latín astrum y este del griego antiguo astron: estrella
Real academia de la lengua: Cada uno de los
innumerables cuerpos celestes que pueblan el
Firmamento.

Partícula: Componente pequeño de la materia

Una astropartícula es una partícula que proviene de algún
cuerpo celeste:  

Una astropartícula es un mensajero del universo



  

Astropartículas



  

Producción

Ingredientes básicos

Propagación

Detección



  



  

Good news!

We do understand the particles: The standard 
model of elementary particles



  



  

Standard model

A concordance model

19 free parameters + neutrino parameters



  



  

And the Higgs



  

Concordance model: Hundred of 
experiments that have been verified 
and they match by fixing only those  

19 parameters



  

Fundamental (elementary) particles

Fundamental interactions



  



  

What is an elementary particle?
Una condición sine qua non para la existencia implica cierta dosis de 

conservación 
Alfonso Reyes. La experiencia Literaria

(A sine qua non condition for the existence requires certain amount of 
conservation)  

Sine qua non : an essential action

Noether theorem  
Symmetries ------> Conserved quantities
Lagrangian--------> Quantum numbers



  



  

Nature is relativistic and quantum, 
i.e. QFT

Consider the non-relativistic limit of the Dirac equation:

Correct interaction term.

Home work: what about spin 1 particles?



  

Interactions: Local gauge invariance 
(QED)

Start with a Dirac Lagrangian:

Is it invariant under the transformation:

?

No:

Modify the derivative:



  

But also, impose a rule for the potential:

With those assumtions, verify:

Does it look familiar to you?

Finally, add a kinetic term:

Interaction fo a fermion with a electromagnetic field, the third term a current.



  

Local gauge invariance (QCD)

Start again with the Lagrangian:

But now                     denote three color fields.

Is this Lagrangian invariant under this transformation?

Here U is a 3x3 matrix, and 

As in previous case, if we add 8 gauge fields:



  

And the covariant derivative

Then, Lagrangian is invariant, although, expressing in normal derivatives:

Adding a kinetic term for the fields:

This is the QCD Lagrangian.



  

Electro-Weak interactions:



  

Where:

And we have introduced the Higgs potential:

Now, let us re-write some terms: 



  

Then, the charged electro weak interaction will be:

Now, consider the neutral term:

where



  

Let us rewrite the neutral current with the new “physical” fields

Then, the neutral current will be:

And 



  

The neutral current



  

This is the connection with the experiment:

A detector only sees events, thus, experimental events and theoretical events are 
Related by the cross section.

For a AB->CD scattering:

 



  

Feynman rules for computing the 
invariant amplitudes

A) By using the quantum  number conservation, 
write the possible reactions 

B) By looking at your Lagrangian, write the 
particles that mediate such reaction

C) Draw you Feynman diagram for such reaction



  



  



  



  



  

Low energy limit:



  

There are Dirac spinors:



  

There are Dirac spinors:



  

Define:

and



  

Then:



  

A reference system:



  

Cross section is then:

And finally:



  

Ready for comparison with 
experiments:



  

Un ejemplo arquetípico de 
astropartícula: Neutrinos solares

Producción: Flujo de 
Neutrinos solares Detección

Propagación: Prácticamente sin cambio 
(hipótesis)
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El problema de los neutrinos 
solares
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El problema de los neutrinos 
solares

Ray Davies 

John Bacall

Experimento en 
Homestake 

1970-1994
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¿Cómo resolver este problema?



  

Un fenómeno puramente cuántico 



  

Interacción con la materia



  

Masa vs. Momento magnético



  

Masa vs. Momento magnético



  

Kamland
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Un modelo
 consistente
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Producción

Detección

Propagación
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Continuará...
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