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Curriculum Connections to the Neutrino

Neutrinos can be introduced in various curricula in different ways. However it is not a specific
topic in any of the curriculum topics we looked at, with the possible exception of the standard
model.
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Curriculum Connections to the Neutrino

If a teacher is talking about the sun, they might talk
about the fact that the sun is emitting many neutrinos.

If beta decay is a part of the curriculum, then the
production of a neutrino should be mentioned.

Since the Standard Model is part of many curricula,
neutrino mass, the lepton family and the three
generations of the neutrino are obviously connected.

While discussing the scientific method, a teacher might
talk about the circumstances of the prediction and
discovery of the neutrino and/or the problems the
neutrino is causing for the Standard Model

https://cliweb.org/wp-content/uploads/2021/09/Brain-1024x1024.jpg



Key ldeas - Why a Neutrino?

The neutrino was proposed in 1930 by Wolfgang Pauli to keep the conservation of momentum and energy
(and spin if you go that far) during B-decay. This is another instance in science when a convenient (particle,
planetary mass, black hole, etc) proves to be a real entity. Clyde Cowan and Frederick Reines found
experimental evidence of the particle in 1956.

https://static1.personality-database.com/profile_im
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Key ldeas - Mass and Size

Neutrinos initially were thought to have zero mass. Experimental results indicate that there should be some

mass (upper limit of 0.09 eV vs. 511000 eV mass for an electron).

We believe that neutrinos are also elementary point particles. They have no length or volume and are not
made up of combinations of particles.

https://www.symmetrymagazine.org/sites/default/files/styles/2015_hero/public/images/standard/Header_How_do_neutrinos_get_their_mass.jpg?itok=mr
a_Uqdo
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Key ldeas - Speed

Because Neutrinos were thought to be massless they needed to move at the speed of light. Now we believe

that they have mass they move at slightly less than the speed of light, although our current detectors are not
able to find a difference between their actual speed and the speed of light. With experimental error included,
it can look as if neutrinos move faster than the speed of light. We don’t believe they are.
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Key ldeas - Types of Neutrinos

Since the standard model shows three

generations of fermions, the symmetry
of three types of neutrinos seemed
likely. This belief was followed by the
discovery of the muon neutrino in 1962
and the tau neutrino in 1975. This is
another case of the beauty of the
theory leading us to discoveries.

https://neutrinos.fnal.gov/wp-content/uploads/2017/12/Mass_hierarchy_2.gif




Potential Students’ Conceptions and Challenges

NeutriNO - NOneutron
Harmful to the human body?
Ghostparticle?

Color?

Flavour?

Mass?

Interact?

Credit: Tiffany Bowman, Brookhaven National Laboratory
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Helpful Materials and Resources

Resource Type Source Link

Google Translate for Websites: https://translate.google.com/ (Choose "Websites" option at the top)

Article FermiLab/ US Department of Energy
Comic Strip ICE Cube

Article European journal for school sciences
YouTube Video FermiLab

Article Frontiers for Young Minds

Article with Handout Cosmos for Schools

YouTube Video FermiLab

Collection of Activities Neutrino Classroom
Collection of Articles and Activities Fermilab

Collection of Posters and Videos SNOLAB

Articles Gran Sasso National Lab

Article Smithsonian



https://docs.google.com/spreadsheets/d/1-nwRBoOA6z8uAS2bVWu3BojrM3WPgWhWeBashXRe8kM/edit
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https://translate.google.com/

Best Practice Example

High School Students

Sessions : 4 Class organisation : teams of 4 to 5 students
Each team chooses a particule

Time necessary : 4 x 15h Output : 1 poster for each team

The teacher provides :

e The names of different particles: neutrino, quark, electron, photon, muon, gluon, Higgs' boson ...
e A list of questions the poster will have to address
e different ressources, articles, videos, ..etc ... covering :
o the history of the discovery,
o The names of the main scientists associated with the particle,
o the principle of experiences undergone,
o The keys datas and properties
e At least one question will not be addressed by the ressources and requires personal researches.




Best Practice Example
Junior High School Students

Sessions : 2 Class organisation : Scavenger hunt for teams of 4 to 5 students

1x15h

Output 1 quiz for each team listing

1x 1,5h 1 question about each of the 10 particules

Time necessary

Session 1

e The teacher spreads out 10 small articles (with pictures and schematics) in a geographically limited area.

e Each article will cover one particle: neutrino, quark, electron, photon, muon, gluon, Higgs' boson ...

e The teacher provides a quiz that will ask a different question for each particle: Name of the discoverer,
principle of one experiment, properties (mass, charge, interactions, life duration, ...), ...

Session 2

e All 10 articles are given to all feams. After a group work (including personal researches is needed ) each
team gives a 3 minutes presentation explaining to the class which particle they find the most interesting
and why.




Best Practice Example

Kinder garden

Sessions : 2 Class organisation : Session 1: draw your disguise as a particule

Session 2 : listen to other's mouvement

Time necessary 30 min Output : Creativity, and space organisation
2 x 5 min
Session 1

e Children are asked to choose the name of a particule (neutrino, quark, electron, photon, muon, gluon, Higgs'
boson ...) and draw on a mask shaped paper, the name, charge, mass, and decorate it as he/she likes.

Session 2

e Children put on the mask, in semi darkness, children will evolve in the dark and listen to others’ mouvements
to try and avoid collisions.




