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•What are neutrinos ?
•Why study them ?
•Properties
•Natural/man-made sources

Stony Brook has some of the best people in this field
Yang, Shrock, Marx, Jung, ...  



• Neutrinos (  ) are electrically neutral almost 
massless particles emitted in decays of 
radioactive nuclei (beta decays). 

• Every emission of Beta particle is 
accompanied by a neutrino. 

ν



• In 1930, W. Pauli proposed the neutrino because 
the observed beta decay appeared to violate 
energy conservation. 

• At that time the proton, electron and the photon 
(light) were the only known elementary particles.

• The neutrino is now an essential building block 
of the universe.  

• The neutrino is the cause or the consequence of 
extraordinary and deep principles of nature. 









Some reading

• BIG BANG by Simon Singh

• GREAT DESIGN by Robert Adair

• GOD PARTICLE by Leon Lederman



Neutrino properties
• Nearly massless. (New evidence that they 

have tiny masses)

• No electric charge. Interactions are Weak.

• Paired with charged particles called Leptons
(electron, muon, tau).

• When they interact they either convert to 
the lepton they are engaged to or they stay 
the same. 

• They spin only counter-clockwise as they fly.
(Anti-neutrinos spin clockwise as they fly)



Current picture of masses from oscillations puzzling.



Interaction rates

• Rate of events(events per sec) : 

• Flux: 

• Cross section: 

• Number of targets: 1 ton of water has            
protons and neutrons.

• Efficiency for practical detectors: 

• Flux, cross section, efficiency are functions of 
neutrinos energy (                                   )

Nevts = F × σ ×Ntargs × ε

Nevts

F/cm2/sec

σ cm2

6× 1029

ε

1eV : 1.6× 10−19J
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Tutorial on Neutrino events: 2

• Energy and Flux of neutrinos from various sources.

– The SUN ! below 0.5 MeV 1011cm−2s−1

at ∼ 3-14 MeV 3 × 106cm−2s−1

– Cosmic rays hitting the atmosphere

at 1 GeV ∼ 5000m−2s−1

– From radioactive decays in the Earth

106 − 107cm−2s−1 < 3 MeV from U/Th decays.

– SuperNova neutrinos. 11 were seen in 1987 in two large

detectors.

– Microwave background neutrinos. Very cold 2.7o ! 300cm−3

Multiply by velocity to get flux.

– Nuclear reactors. 1013 − 1015cm−2s−1 ≤5 MeV. Falls as

1/r2 with distance from reactor.

– Accelerators. 5 × 10−5/m2 per proton (E∼ 1 GeV) at 1 km.
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Cross sections
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• Cross section of neutrinos on various targets are small.

Detectors must be very large to see enough events.

– at ∼ 1MeV on protons, neutrons, deuteron

∼ 10−44cm2

– at ∼ 10MeV on Clorine, Carbon, etc.

∼ 10−42 − 10−41cm2

– high energies (1 GeV) on protons and neutrons

∼ 10−38 × (Eν/GeV )cm2

– high energies (GeV) on electrons

∼ 10−41 × (Eν/GeV )cm2

• Types of reactions

– Charged current.

ν + N → X + L, L is associated charged lepton

– Neutral current

ν + N → X + ν
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Reines and Cowan experiment

Pauli bet a case of champagne that nobody would ever detect a

neutrino. In 1956, Clyde Cowan and Fred Reines detected

antineutrinos emitted from a nuclear reactor at Savannah River in

South Carolina, USA. Pauli kept his promise.

”Detection of the Free Neutrino: A Confirmation”, C.L. Cowan,

Jr., F. Reines, F.B. Harrison, H.W. Kruse and A.D. McGuire,

Science 124, 103 (1956).
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ν̄e γ

γ γ(n capture)
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Reines and Cowan experiment. Result

ν̄e + p → n + e+, wait few µs, n + 108Cd → 109Cd + γ

Detect e+ and γ in sequence to reduce background.

There was 200 kg of water. 1.3 × 1028 free protons.

Detector was placed 11 m from the reactor and 12 m deep.

Observed ∼ 3 events per hour.

Confirmed by turning the reactor off.

1013cm−2s−1 × 3600s × 6 × 10−44cm2 × 1.3 × 1028protons× ∼ 0.1

Nobel prize for Reines in 1995.
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Homework ?

• Calculate the size of detector needed to see 
100 events from the Sun, cosmic rays, 
reactors, accelerators, etc. 



Neutrino puzzles

• Do they have mass ? Why so small ?

• If they have mass what implications on left-
right properties ?

• Can they turn into each other ?

• What implications for the structure of the 
universe ?

• What is the relationship to quarks ?





From APS neutrino study



From APS neutrino study



Pauli Fermi

Inventor Developer Oscillator
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Charged Current
for electron type only

Neutral Current
for all neutrino types



Important only if electron neutrinos in the mix



2-neutrino picture

1 2 3 4 5
Energy
!!!!!!!!!!!!!!!!!!
GeV

0.05

0.1

0.15

0.2

P !mu " e" With matter 3 gm/cc 

Osc. probability: 0.0025 eV^2,  L= 2000 km,  Theta=10deg

No matter



Key new evidence

• Super KamiokaNDE (SK): observe 
atmospheric neutrinos.

• Sudbury Neutrino Observatory (SNO): 
observed solar neutrinos.

• KAMLAND  reactor experiment

• MINOS neutrino accelerator beam 
experiment

Apologies to many other pioneering experiments



SuperKamiokaNDE





Atm. neutrinos 2:1 mu:e type

Gauss: Flux inside spherical shell isotropic



SuperK result



1 kT
D2O

Heavy Water

Located in a deep mine ~ 6000 mwe
because solar nu < 14 MeV









much bigger version of Reines and Cowan





(Fermilab) Main Injector Neutrino Oscillation 
(running)



(Fermilab) Main Injector Neutrino Oscillation 
(running)





Minos 
detector: 

Iron/
scintillator 

5kT

Fully operational 
in Soudan mine 

at 2341 ft
730 km from 

FNAL
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detector: 
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Measurements
not yet precise

Not known
Has CP phase

Don’t know sign

0.0025 

0.00008 



New Age of Accelerator 
Neutrinos

• For more precise experiments need pure 
beams of muon type neutrinos (or anti-
neutrinos)

• Better controlled characteristics: energy, 
spectrum, backgrounds, pulsed.

• High energy (>1 GeV) to provide events 
with long muons. Better resolution. 

• Generally called Long Baseline Experiments.



Ultimate Ambitions !
• Must see multiple 

nodes in a spectrum 
for precise 
measurements

• Need E: 1-6 GeV

• Need ~2000 km

• Need intense beam. 

• Need very large 



M.Diwan
43

500 kTon detector



Great puzzles for you
• What is the origin of the left/right 

asymmetry ?

• Are neutrinos and antineutrinos the same 
but have opposite spin ?

• Do neutrinos and antineutrinos transform in 
the same way ? 

• How do we detect the cold neutrinos all 
around us ? (Perhaps with the Mariachi 
detector)


