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What are Neutrinos?



  



  

Don't be such a smart-ass.



  

OK Fine!

Beta Decay!

Electron Flavor



  

Flavor?! Can I eat it?!?!



  



  

Weak Interactions



  

How Weak?



  

Very Weak
Charged Current

Neutral Current

G
F
 = 4.541 10-33 cm2 !!!

Ref: R. Ghandi et al. hep-ph/9807264

PDFs for proton interactions



  

How can we see
Neutrinos?



  

With Something really big!



  

Glashow resonance

-

[Barger et. al. 1407.3255]

X

X

6.3 PeV



  

How heavy are 
Neutrinos?



  

Let's look at the 
Standard Model.



  

According to the 
Standard Model the 
neutrino has no mass.

However, we know 
neutrinos have mass.



  

Yes, burn it to the ground!



  

How do we know neutrinos have 
mass?

They oscillate!

Wait, what's neutrino 
oscillations?



  

Let's first look at a well known experiment



  

Let's first look at a well known experiment
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Disappearance of muon neutrinos!



  
[Mark Chen – 2014 TRISEP School]



  

[Mark Chen – 2014 TRISEP School]

MSW Effect



  

You're scaring me Logan



  

Simplified Version of Osc.
Mass basis Flavor basis

For anything more complicated, use NuSquids : arXiv:1412.3832
 github.com/jsalvado/SquIDS  github.com/arguelles/nuSQuIDS



  

[Darren Grant – CIPANP 2015]



  

Lets take a look at this oscillation 
again

Very fast oscillations, 
average out over 
long distances



  

Show me the Flavor Flav!



  

Everything ends up near 
1:1:1



  

Where do 
neutrinos come from?



  

Lots of very energetic places!

See Markus's talk for info on Astro sources



  

GZK or 
CR+Gamma Ray

GZK

Cosmic Rays at 
source

CR CMB



  

What about in the atmosphere?



  

Could be a Kaon

[Enberg VLVnT 2013]
[INFN-Notizie No.1 June 1999]



  

From pions and kaons, often refered 
to as conventional neutrinos.

Atmospheric Neutrino flux on Earth



  

I like being prompt, what is this 
wonderful thing you speak of?



  

C

C

Charm Meson production
Very fast decays!



  

Mmmm, decay....



  Very fast decay, no chance for the meson to lose energy.



  

So Neutrinos

● Have flavor and interact weakly
● Have mass, but not much
● Oscillate between flavors
● Are produced everywhere

G
F = 4.541 10-33 cm2 !!!



  

Any Questions?



  

Sterile Neutrinos



  



  

Dark Matter Searches with Neutrinos


