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Overview

• Brief History Of Neutrinos
• Introduction To Neutrinos
• Properties
• Detection And Detectors
• Astrophysical Origins
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Brief History Of Neutrinos
1) 1896: Henri Becquerel discovered natural radioactivity while studying

• phosphorescent properties of uranium salts.
• α rays: easy to absorb, hard to bend, positive charge, mono-energetic;
• β rays: harder to absorb, easy to bend, negative charge, spectrum?
• γ rays: no charge, very hard to absorb.

2) 1897: J.J. Thompson discovers the electron.
3) 1914: Chadwick presents definitive evidence for a continuous β-ray spectrum. 

Origin unknown, different options include several different energy
loss mechanisms.
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Brief History Of Neutrinos
- Beta decay problem: When studying beta decay, scientists looked at nuclear 

reactions like:

Neutron → Proton + Electron

- They assumed this was a two-body decay: The neutron inside the nucleus 
decays into a proton and an electron.

According to the law of conservation of energy and momentum, if only two 
particles are involved, the electron should always be emitted with a specific, 
fixed energy — just like how throwing a ball gives it a predictable speed based 
on how hard you throw it.
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Brief History Of Neutrinos
- If the total energy available in a decay was 1 MeV, some electrons had 0.2 MeV, 

others 0.5 MeV, and some up to 1 MeV — but not always the same.

🤯 Why ???
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Brief History Of Neutrinos
- Big Deal

This continuous energy distribution violated what physicists expected before 
1930s:

If only the proton and electron were involved, energy and momentum 
couldn’t be properly accounted for.

It looked like some energy was simply disappearing, which broke the 
fundamental law of energy conservation — a core principle in physics.

“Either conservation of energy is wrong... or something else is happening.”

This led to a crisis in theoretical physics. Some scientists even considered 
abandoning conservation laws at the subatomic level — a radical idea.
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Brief History Of Neutrinos
• Fun fact: 

• It took 15+ years to decide that the “real” β-ray spectrum was really 
continuous. 

• Reason for continuous spectrum was a total mystery:
• QM: Spectra are discrete;
• Energy-momentum conservation: N → N ′ + e− — electron energy and 

momentum well-defined

• Neutrino era hide and seek. . .

• 1930: Postulated by Pauli to (a) resolve the problem of continuous β-ray spectra, 
and (b) reconcile nuclear model with spin-statistics theorem. ⇒

• 1932: Chadwick discovered the neutron. neutron 6 = Pauli’s neutron = neutrino 
(Fermi);
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Brief History Of Neutrinos
Wolfgang Pauli’s solution:

- He hypothesized that an invisible, 
neutral particle must also be 
emitted during beta decay, carrying 
away the "missing" energy and 
momentum. He called it a 
“neutron” at the time, but it was 
later renamed the neutrino after 
the discovery of the (massive) 
neutron by Chadwick in 1932.

- A light, neutral, and weakly 
interacting particle (now called the 
neutrino) is emitted in beta decay 
to conserve energy and 
momentum.
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Brief History Of Neutrinos
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Brief History Of Neutrinos
• Since the neutron was discovered two years later by J. Chadwick, Fermi, 

following the proposal by E. Amaldi, used the name “neutrino” (little 
neutron) in 1932 and later proposed the Fermi theory of beta decay.
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Brief History Of Neutrinos
Fermi’s Theory (1934):

- He proposed that beta decay is caused by a new type of fundamental force (later 
called the weak nuclear force). In beta decay:

- A neutron turns into a proton.

- It emits an electron and an antineutrino (the antiparticle of the neutrino).

- This theory was one of the first attempts to describe particle interactions using 
quantum field theory, similar to how electromagnetic interactions are described 
by quantum electrodynamics.
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Brief History Of Neutrinos
• 1936/37: (“Meson” discovered in cosmic rays. Another long, tortuous story. Turns out 

to be the muon...)
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Brief History Of Neutrinos
• What we know until by the until 

now! 
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Brief History Of Neutrinos
• What we know until by the end 20th 

century: 

• Three flavors 
• Interact only via weak 

interactions (W ±, Z0);

• Have ZERO mass – helicity good 
quantum number;

• νL field describes 2 degrees of 
freedom:

– left-handed state ν,
– right-handed state ν̄ (CPT 

conjugate);
• Neutrinos carry lepton number:

– L(ν) = +1;  – L(ν̄) = −1.
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- Neutrino:  Fundamental particles in the 
Standard Model of particle physics.

- Symbol: ν (Greek letter "nu")

- Electrically neutral and have tiny mass

- Travel nearly at the speed of light

- Come in three types (flavors):
Electron neutrino (νₑ)
Muon neutrino (ν_μ)
Tau neutrino (ν_τ)
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Properties
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- No electric charge → Do not interact via 
electromagnetic force

- Interact only via the weak nuclear force 
and gravity

- Pass through matter almost undisturbed 
— billions pass through your body every 
second!

- Have very small mass, but not zero 
(confirmed by neutrino oscillation 
experiments)



Properties
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- Weak Interaction with neutrinos:

- Neutral Current (NC) Interaction:
Involves the exchange of Z bosons, 

which are neutral (no electric charge).

- Charged Current (CC) Interaction:
Involves the exchange of W bosons (W⁺ 

or W⁻), which carry electric charge.
Changes the charge of the 

participating particles.

- The lepton (e.g., electron, muon, tau) or 
quark involved changes flavor due to the 
exchange of a W boson.



Properties
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- Mass of neutrino: Initially 
massless Neutrino Assumption: 
For decades, neutrinos were 
assumed to be massless based on 
the Standard Model of particle 
physics. 

- However, this assumption faced 
challenges from experiments in 
the late 20th century.

- Neutrino Oscillations: A key 
breakthrough 



Discussion Time 
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Detection And Detectors
 Super-Kamiokande (Japan)

- Type: Water Cherenkov detector.

- Significance: Discovery of neutrino 
oscillations in 1998. This led to the 
Nobel Prize in Physics in 2015 for 
Takaaki Kajita and Arthur B. 
McDonald.

- Development: It uses 50,000 tons of 
ultrapure water to detect 
Cherenkov radiation produced by 
high-energy particles. The detector 
has played a key role in studying 
atmospheric and solar neutrinos.
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Detection And Detectors
- Working principle:  water 

Cherenkov detector

- Cherenkov radiations: 
electromagnetic radiation emitted 
when charged particles, such as 
electrons, travel through a 
dielectric medium (such as water, 
glass, or air) at a speed greater than 
the speed of light in that medium

- Detector design: a) pure water
b) a large cylindrical tank
c)  1,000 meters underground
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Discovery of Neutrino Oscillations (1998)
- detected that muon neutrinos (νₘ) 

were disappearing as they traveled 
through the Earth

- First strong evidence that neutrinos 
have mass, contradicting the Standard 
Model of particle physics, which 
assumed neutrinos massless

- Neutrino oscillations in 2015, Takaaki 
Kajita (Super-Kamiokande) and Arthur 
McDonald (Sudbury Neutrino 
Observatory) were awarded the Nobel 
Prize in Physics
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- It detected fewer muon neutrinos 
coming from the opposite side of 
the Earth (upward) than from 
above (downward).

- These were atmospheric neutrinos 
created when cosmic rays hit the 
atmosphere.

- The missing muon neutrinos had 
transformed into tau neutrinos, 
which the detector couldn’t see 
directly.

Kalyani Mehta PhD Student email: kmehta@agh.edu.pl 24

Detection And Detectors



- A neutrino produced in one flavor 
(say, muon) would be a 
superposition of mass states.

- As it travels, each mass state 
evolves differently over time.

- This causes the neutrino to 
"oscillate" into other flavors with a 
probability that depends on the 
distance traveled and the energy of 
the neutrino.
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IceCube Neutrino Observatory 
(Antarctica)

- Detects high-energy neutrinos; 
contributions to astrophysics, such 
as detecting high-energy cosmic 
neutrinos.

- Development: It consists of over 
5,000 basketball-sized optical 
sensors embedded in a 
cubic-kilometer of ice. 

- IceCube helps researchers study 
high-energy processes in the 
universe, including those related to 
black holes and supernovae.
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DUNE (Deep Underground Neutrino Experiment): Study neutrino oscillations
- Fermi National Accelerator Laboratory (Fermilab), USA.
- Type: Liquid Argon Time Projection Chamber (LArTPC).
- Two main components: the near detector at Fermilab and the far detector at the 

Sanford Underground Research Facility in South Dakota. 
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At LHC
1. FASERν (FASERnu)

- Location: 480 meters from the ATLAS interaction point in a service tunnel.
- Goal: Detect collider-produced neutrinos and measure their interactions.
- Detector Type: Emulsion detector (like a photographic plate that tracks 

particles).
- Status: Took data in Run 3 (2022+); successfully detected LHC neutrinos in 2023 

— a first!
- Importance: First direct detection of neutrinos produced in a collider.

2. SND@LHC (Scattering and Neutrino Detector at LHC)
- Location: Near the LHC's interaction point (IP1).
- Goal: Measure neutrino interactions and properties, including tau neutrinos.
- Design: Hybrid detector (emulsion + electronic trackers + calorimeter).
- Status: Started running in 2022.
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- KM3NeT: Kilometre cubic neutrino 
telescope at meditaterian sea

- ORCA: Oscillation Research with 
Cosmics in the Abyss

- Off the coast of Toulon, 
France depth of 2.5 km

- Purpose: Study neutrino 
oscillations and measure the 
neutrino mass hierarchy

- Energy Range: ~1–100 GeV

- ARCA: Astroparticle Research with 
Cosmics in the Abyss

-  Off the coast of Capo Passero, 
Sicily (Italy) depth: ~3.5 km

-  TeV–PeV and beyond
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Engineering brilliance: 
- Built-in directional sensitivity

- Digital optical modules: Survive 
extreme deep-sea pressure (~350 
bar)

- Real-time, high-speed data 
transmission over hundreds of km 
underwater.

- Time Synchronization with 
Sub-Nanosecond Accuracy
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Detection And Detectors

Nature 
approved: 
https://www.yo
utube.com/wat
ch?v=omlFkdCk
bYk

https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
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Detection And Detectors

Highest 
energy 
neutrino 
ever 
detected!
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- Active Galactic Nuclei (AGN): 
Supermassive black holes at galaxy 
centers with energetic jets.

- Gamma-Ray Bursts (GRBs): 
Extremely energetic cosmic 
explosions, possibly from neutron 
star mergers or collapsing massive 
stars.

- Proton-photon (pγ) or 
proton-proton (pp) interactions.

-     Secondary particles (pions) 
decay to produce neutrinos.
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- Origins Tidally disrupted events (TDE):
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- What we do at AGH!
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Astrophysical Origins

Price et al. 
(2024)
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