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The Standard Model



These are not 
“classical 
particles”

These particles obey the 
Principles of Special Relativity
• The laws of Physics are the same in 

all inertial reference frames.
• The speed of light is the same in all 

inertial frames.

These particles obey the laws 
of Quantum Mechanics
• The Heisenberg Uncertainty 

Principle.
• Probabilistic nature, subjective 

properties.
• Described by a wavefunction.



Some things we know 
about neutrinos



There are three types 
of neutrinos

• Electron neutrinos

• Muon neutrinos

• Tau neutrinos
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They come from different sources
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They are 
everywhere 
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Every square centimeter of Earth surface is crossed every second by more than 10 billion neutrinos produced by the Sun.



neutrinos are very 
weakly interacting

• No charge

• No color

• Almost no mass
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Neutrinos have (very small) mass…and oscillate!
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(some of)
what we don’t know
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Mass 
Hierarchy
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Mass hierarchyCP phase / Majorana phasesAre there more types of neutrinos?Absolute scale of neutrino massWhat kind of mass they have?



Missing parameters
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Are there more neutrinos?
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What kind 
of mass do 
they have?
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Why are neutrinos 
important?
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Could be 
responsible for 

the origin of 
Baryon 

asymmetry in 
the universe.
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LSS – large scale structuresBBN – big bang nucleosynthesis



• Enter in the determination of 
• the spectrum of the CMB
• the LSS in the universe
• the delicate chemical equilibriums determining the light element abundances 

during BBN
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They represent a powerful 
probe of
the dynamics of stars, 
supernova collapse
and accretion disks encircling 
supermassive black holes.
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Thank you for your 
attention
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MINERvA: Bringing neutrinos into 
sharp focus

• Uses the NuMI (Neutrinos at the Main Injector) beamline to study 
neutrino interactions with five different nuclei (He, C, Pb, Fe, H2O).

• Results will be used as inputs for current and future neutrino oscillation 
experiments.

• Provides information on the structure of protons and neutrons and the 
strong force dynamics that affects neutrino – nucleon interactions.

• A better understanding of neutrinos can potentially help unlock the 
mysteries of dark matter and dark energy.



• 𝝂𝝂𝝁𝝁 + 𝒏𝒏 → 𝝁𝝁− + 𝒑𝒑
• 𝝂𝝂𝝁𝝁 + 𝒆𝒆− → 𝝂𝝂𝝁𝝁 + 𝒆𝒆−

• 𝝂𝝂𝝁𝝁 + 𝒑𝒑 → 𝝁𝝁− + 𝚫𝚫++
𝚫𝚫++ → 𝒑𝒑 + 𝝅𝝅+

• Deep inelastic scattering
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