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Neutrino came out of a puzzle about the radioactive decay 
in the early 1920’s:
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Energy-momentum conservation 
says that data should look like this
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..instead it looks like this
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In radioactive decays energy-momentum 
conservation no longer holds!

Niels 
Bohr
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..instead it looks like this

In this reaction there is a third particle 
produced that you cannot (yet) see!

Wolfgang 
Pauli
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In this reaction there is a third particle 
produced that you cannot (yet) see!
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Pauli

NEUTRINO!



Wolfgang Pauli, 
father of the neutrino 

and Pauli exclusion 
principle

or
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Note that these experiments did not observe

𝑛 → 𝑝 + 𝑒! + �̅�"

Because neutron was not discovered yet. 
Instead they observed

#𝑍 → #(𝑍 + 1) + 𝑒! + �̅�"



Sources of neutrinos: Nuclear Reactors

If you can get close enough by 
far the most abundant source 
of neutrinos on Earth are 
commercial fission reactors.
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Current reactor neutrino
experiments



Sources of neutrinos: Sun

Adopted from Lux Science

A minor league star (such as 
our Sun) produces neutrinos 
mainly through the reaction

𝑝 + 𝑝 → 𝑑 + 𝑒$ + 𝜈"



Where does the Energy of the Sun 
come from?

• 1854 von Helmholtz 
gravitational 

• 1920 Eddington nuclear 
fusion  “We do not argue with 
the critic who urges that the 
stars are not hot enough for this 
process; we tell him to go and find 
a hotter place.”

• 1938 Bethe and Critchfield             
p+p®2H +e++ne + ….



Hans 
Bethe



Where does the Energy of the Sun 
come from?

• 1854 von Helmholtz 
gravitational 

• 1920 Eddington nuclear 
fusion  “We do not argue with 
the critic who urges that the 
stars are not hot enough for this 
process; we tell him to go and find 
a hotter place.”

• 1938 Bethe and Critchfield             
p+p®2H +e++ne

• 1946 Pontecorvo the idea of 
using chlorine as detector (also 
the idea of neutrino oscillations)

• 1964 Davis chlorine detector at 
Homestake Bahcall Standard 
Solar Model 



“...to see into the interior of a 
star and thus verify directly the 
hypothesis of nuclear energy 
generation..”
Bahcall and Davis, 1964Solar Neutrinos



SuperKamiokande-I 8B solar n’s 



Sources of neutrinos: Supernovae

A (hopefully distant enough) core-collapse 
supernova produces approximately 1058 

neutrinos in about twenty seconds via
Gravitational	binding	energy	 → 𝜈! + �̅�!

Those neutrinos produced in supernova explosions since the 
beginning of the Universe still stick around, forming the 

“Diffuse Supernova Background”



..and those n’s 
were observed!



Atmospheric 
Neutrinos



Sources of neutrinos: Earth

Geoneutrinos are 
antineutrinos coming 
from the decay of 

238U, 238Th, and 40K 
inside the Earth. 

Picture on the right 
shows the sum of 
reactor neutrinos 
and geoneutrinos.



Sources of neutrinos: Fruits and Vegetables

Many fruits and vegetables 
absorb 40K in addition to the 
stable potassium isotope. 40K 

decays by emitting either 
neutrinos or antineutrinos:
%&𝐾 → %&𝐶𝑎 + 𝑒! + �̅�"

%&𝐾 + 𝑒! 	→ %&𝐴𝑟 + 𝜈"

About one million neutrinos and 
antineutrinos are emitted per day 
from one banana due to 40K decay



Sources of neutrinos: Humans

We also ingest 40K when we eat 
potassium rich foods such as 
bananas, kidney beans, nuts, 

etc. Our bodies deposit 40K in 
our bones.

A 70 kg (154 pounds) person emits about 530 electron 
neutrinos and 4460 electron antineutrinos per second.



Sources of neutrinos: Wine





Pauli
Fermi

MajoranaMeyer Pontecorvo

Neutrinos have an 
interesting history 

written by intriguing 
people some of whom 
are shown on the left. 



PARITY (P)

If a process is permitted by the 
laws of physics, its “3D” mirror 

image is also permitted.

r P! →! −r
p = −i!∇ P! →! −p
A P! →! −A

E = −∇ϕ − 1
c
∂A
∂t

P! →! −E

vectors
" #$$$$ %$$$$

L = r×p P" →" L
S P" →" S

B =∇×A P" →" B
pseudo- vectors
! "### $###

Not always true



Weak interactions maximally 
violate parity: Wu’s beta 

decay experiment

Wu searched for asymmetry in 60Co beta decay :

A = N(S•p > 0)− N(S•p < 0)
N(S•p > 0)+ N(S•p < 0)

Large asymmetry : parity is maximally violated!



The flagship 
experiment…



DUNE – An international mega-science project

7/5/23 A.B. Balantekin - DUNE 30



Thank you


