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In this talk we will discuss two main topics

1. Neutrinos 
properties: 
status of the art

elementary-comic.com

http://elementary-comic.com
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In this talk we will discuss two main topics

2. Detecting 
neutrinos 

today

https://www-he.scphys.kyoto-u.ac.jp/nucosmos/en/files/NF-pamph-EN.pdf



1. Neutrinos
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The Scale of things

* = elementary particles

}matter

And the neutrinos? Where they come from?
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• Atoms 
• electrons* 
• nucleus 

• protons and neutrons 
• quarks u e d * 

• photons *



The Beta decay

Chadwick, 1914

This spectrum was very 
different from that of alpha and 
gamma decays.
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The Beta decay

Chadwick, 1914
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1932: The Idea of Neutron-ino

W. Pauli in 1930 proposed the 
existence of a third particle in 
the decay, which was carrying 
part of the energy, but didn’t 
have charge and an extremely 
small mass

Chadwick, 1914
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Key points:

“False” statistics of the decays”

1930: The Idea of Neutron-ino
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Key points:

“False” statistics of the decays”

An extra electorally neutral particle in the nuclei

The continuous beta spectrum would become 
understandable

Mass of the same order of the electron

Doubt about the ability to detect it

He named the particle NEUTRON

1930: The Idea of Neutron-ino
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Key points:

“False” statistics of the decays”

An extra electorally neutral particle in the nuclei

The continuous beta spectrum would become 
understandable

Mass of the same order of the electron

Doubt about the ability to detect it

The “actual” neutron was discovered in 1932

1930: The Idea of Neutron-ino



1934: The Neutrino

W. Pauli in 1930 proposed the 
existence of a third particle in 
the decay, which was carrying 
part of the energy, but didn’t 
have charge and an extremely 
small mass

Enrico Fermi gives it the name of neutrino (from Italian, little neutral 
one) and includes in his beta decay theory (1934)

Chadwick, 1914

Valentina Lozza, LIP Lisboa 16



1934: A terrible mistake
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1946: A light at the end of the tunnel
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Everything went Well
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• In 1952-1959 two experiments finally detected neutrinos!

Project Poltergeist Herr Auge



Everything went Well

MAS …..
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• In 1952-1959 two experiments finally detected neutrinos!

Project Poltergeist Herr Auge



Make it bigger
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• 1956: The Savannah River Detector

• Clearly detect the coincidence between a positron (2 gammas of 
511 keV) and a neutron capture in water+Cd (several high energy 
gammas) few µs apart.
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• Clearly detect the coincidence between a positron (2 gammas of 
511 keV) and a neutron capture in water+Cd (several high energy 
gammas) few µs apart.



The detection
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Until ….
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Where neutrinos come 
from?

22 orders of magnitude!!!!
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Our region of interest
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★ What we know about neutrinos: 

๏ 3 types ( = flavours) of neutrinos exist = electron, muon, tau 

๏ According to the lepton they produce when they have weak CC  

               interactions 
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νμ
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e
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νe
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Electron neutrino
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Source

Source
Detector

Detector
Forbidden 

but ….

Neutrino Basics



Neutrino States

★ What we know about neutrinos: 

๏ No charge - do not participate in electromagnetism 

๏ Weak interactions 

๏ They have a tiny but different from 0 mass 

๏ Mass eigenstates is different from the flavour eigenstates 

๏ Neutrino can change their flavour once they have been produced 
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Neutrino OSCILLATIONS
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Artwork by Sandbox Studio, Chicago with Corinne Mucha

★ Neutrino can change their flavour once they have been produced =

Neutrino’s oscillations



Parametrize the 
Oscillations
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★ Oscillations are parametrized by 3 masses (m1, m2, m3), 3 angles (θ12,θ13,θ23) and an extra 

complex phase eiδ 

Responsible for the CP-violation part

Accelerator and 	
Atmospheric

SBL reactor Solar + 	
LBL reactor
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Dedicated experiments search for the different sectors in neutrino oscillations

The probability of an electron neutrino to be 
detected in the same flavour depends on the mass 

difference squared and the distance source-detector

Simplified 2-neutrinos case



Measuring Oscillations
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Mass Ordering
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Accelerator and 	
Atmospheric SBL reactor Solar + 	

LBL reactor
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Neutrino
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1930

Neutrino is born

1956
First observation of neutrinos

Muon neutrino is discovered
1962

1968

The solar neutrinos problem

1987
Supernova neutrinos

32

1998

2002

Discovery of neutrino’s oscillations



And now?

We know that neutrinos change flavour We still don’t know their mass

What is the origin of the neutrino mass?

Dirac

Majorana and Dirac proposed two 
different answers to the question of 
whether neutrinos and antimatter 
neutrinos are different particles or a single 
particle masquerading as two. As of today 
the topic remains an open question.

Majorana
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Artwork by Sandbox Studio, Chicago with Corinne Mucha
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2. Detecting neutrinos today 
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★ Neutrinos have a very small interaction probability: 

๏ The probability for a neutrino to interact in the Sun is extremely small: 10-41 cm2 

๏ You need more than 1016 neutrinos/s emitted to observe 1 neutrino/s in 1 m3 of water 

๏ Important: We don’t observe neutrinos directly (weak interaction and no charge), we 

observe the product of their reactions!!!!!! 

 

★ So how do we study neutrinos? 

๏ We need large detectors

νe + e− → νe + e−

Detecting Neutrinos
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★ Neutrinos have a very small interaction probability: 

๏ The probability for a neutrino to interact in the Sun is extremely small: 10-41 cm2 

๏ You need more than 1016 neutrinos/s emitted to observe 1 neutrino/s in 1 m3 of water 

๏ Important: We don’t observe neutrinos directly (weak interaction and no charge), we 

observe the product of their reactions!!!!!! 

 

★ So how do we study neutrinos? 

๏ We need large detectors 

๏ And large neutrinos fluxes

νe + e− → νe + e−

Detecting Neutrinos

NEUTRINOS

I NEED MORE
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★ Neutrinos have a very small interaction probability: 

๏ The probability for a neutrino to interact in the Sun is extremely small: 10-41 cm2 

๏ You need more than 1016 neutrinos/s emitted to observe 1 neutrino/s in 1 m3 of water 

๏ Important: We don’t observe neutrinos directly (weak interaction and no charge), we 

observe the product of their reactions!!!!!! 

 

★ So how do we study neutrinos? 

๏ We need large detectors 

๏ And large neutrinos fluxes 

๏ A looooooot of time

νe + e− → νe + e−

Detecting Neutrinos
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★ Neutrinos have a very small interaction probability: 

๏ The probability for a neutrino to interact in the Sun is extremely small: 10-41 cm2 

๏ You need more than 1016 neutrinos/s emitted to observe 1 neutrino/s in 1 m3 of water 

๏ Important: We don’t observe neutrinos directly (weak interaction and no charge), we 

observe the product of their reactions!!!!!! 

 

★ So how do we study neutrinos? 

๏ We need large detectors 

๏ And large neutrinos fluxes 

๏ A looooooot of time 

๏ Reduce as much as possible other sources of contamination 

              (cosmic radiation for example)

νe + e− → νe + e−

Detecting Neutrinos



2. Detecting neutrinos with large scale experiments, 
few examples: 

SNO+
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Detecting the  double-beta decay with 0 
neutrinos

Valentina Lozza, LIP Lisboa

๏ Sometimes a nucleus is unstable but cannot decay by a simple beta decay 
๏ A double-beta decay happens

41



What is the 0vbb decay?
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๏ Sometimes a nucleus is unstable but cannot decay by a simple beta decay 
๏ A double-beta decay happens

42



Valentina Lozza, LIP Lisboa

★ Sometimes things get even more crazy (or maybe not …..)

Only happens if 
neutrinos are Majorana

43

Involves “internal” neutrino 
annihilation 

Only possible for Majorana 
neutrinos

What is the 0vbb decay?
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★ Only 35 isotopes in nature do double-beta decay and the process half-life if 1020 years

44

Where is the catch?
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★ Only 35 isotopes in nature do double-beta decay and the process half-life if 1020 years 
★ Currently no-one saw the neutrinoless double-beta decay process and the expected half-life is 

larger than 1025 years

45

Where is the catch?
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We need HUGE detectors with tonnes of 
material containing the candidate isotope

46

Where is the catch?
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SNO+

Are neutrinos Majorana particles?
SNOLAB 
TRIUMF 

University of Alberta 
Queen’s University 

Laurentian University

LIP Coimbra 
LIP Lisboa

Oxford University 
Kings College 

University of Liverpool 
University of Sussex 

University of Lancaster

TU Dresden

University of Chicago 
Boston University 

BNL 
University of California Berkeley 

LBNL 
University of Pennsylvania 

UC Davis

UNAM

Shandong University 



Active medium

PSUP (PMT Support Structure) 
~ 9300 PMTs 
54% Coverage

Acrylic Vessel (AV) 
12 m diam., 5 cm thick

Urylon layer/Radon seal

Light water (H2O) shielding 
 - 1700t internal 
 - 5300t external

Norite Rock

SNO+  
DETECTOR
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Deep Underground 
~ 2 km



Construction
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Deep Underground
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@SNOLAB, Sudbury, Canada



A Multipurpose Detector

Valentina Lozza, LIP Lisboa

★ A very large detector that searches for the nature of neutrinos 

Neutrinoless 
double-beta 

decay of 130Te

Solar neutrinos 
pep, CNO, low 

energy 8B

Supernovae 
neutrinos

Rare decays

Geo anti-neutrinos

Reactor antineutrinos

51
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0nu Double-beta decay with SNO+

★ Load 3.9 tonnes (or more) of Tellurium into a 780 tonnes liquid scintillator detector and then 

wait 
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Even larger detectors in the 
horizon

Theia
Legend-1000

KamLAND2-Zen



Summary
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★ They oscillate (and we know how) 

★ They are massive (but we don’t know how much) 

★ Are neutrinos their own antiparticles? 

★ What is the absolute mass scale? 

★ What is the CP violation phase? 

★ What is the mass hierarchy? 

★ A whole zoo of experiments are trying to address these questions 

★ A rich field of opportunities is in place

Neutrinos



INFO
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Neutrino group @LIP 
For thesis/general info: 

maneira@lip.pt 
vlozza@lip.pt

The presenter Valentina Lozza is funded by FCT

https://www.lip.pt/?section=research&page=research-group-details&details=project&area=physics&line=Dark-matter-and-neutrino&projectid=23
mailto:maneira@lip.pt
mailto:vlozza@lip.pt
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