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Before Particle Physics

Particle Field Theory Picture
Properties

mass gravitational Newton

charge electromagnetic Maxwell o LA



http://bit.ly/2P74FTQ
http://bit.ly/2Z0EXUH

After - Four fundamental forces of nature

strong

electromagnetic

weak

gravitational

gluons

photons

bosons w and z

gravitons

quantum Této fotografia
chromodynamics %9 a“i”f‘p“.ei”.a'“y o

CC BY-SA
QED

http://bit.ly/2MjIX0v

electroweak

http://bit.ly/274P4r]

Relativity

¥ & http://bit.ly/2M{JXOv



https://en.wikiquote.org/wiki/File:Quark_structure_omega.svg
https://creativecommons.org/licenses/by-sa/3.0/
http://bit.ly/2Z4P4rl
http://bit.ly/2MjJX0v
http://bit.ly/2MjJX0v

https://indico.cern.ch/event/743767/timetable/ ‘ - 2
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https://indico.cern.ch/event/664935/timetable/



https://indico.cern.ch/event/743767/timetable/
https://indico.cern.ch/event/664935/timetable/

Potential students’
conceptions &
SEHETE

e Orders of Magnitude & error
in physics
* Error as bias & mistakes

* Uncertainty as a limitation of
measuring device

* Experimental design and
dealing with error and
uncertainty



Particle Physics and Error & Uncertainty

GALEES

* Fundamental particles
* Particle system

* Particle properties

* Uncertainty

*Error

* Precision

* Accuracy



Educational Resources

By Perimeter Institute

Heloful material and * Perimeter Institute - free
cipruimaterial an resources created to help

resources teach particle physics
(and other topics)

* https://resources.perimeterinstitute.ca/



https://resources.perimeterinstitute.ca/

Detecting Alpha, Beta and
Gamma Radiation

B® By: Microsoft Education & NASA | LAB PROCEDURE

HIGH SCHOOL LAB GUIDE >

Helpful material and
resources

*Help to explore
space and
particle physics

* http://bit.ly/2H6XJEi



http://bit.ly/2H6xJEi

Helpful material and

* Arts and Particle Physics
resources workshop: lan Andrews and
Konstantinos Nikolopoulos

e http://bit.ly/2KyWsmM



http://bit.ly/2KyWsmM

Helpful material and * Dance and Particle Physics:

resources Mairi Pardalaki and
Konstantinos Nikolopoulos

 http://bit.ly/2N6a5fa



http://bit.ly/2N6a5fa

Helpful material and * Particle physics workshop for
resources primary school: Cristina
Lazzeroni Maria Pavlidou

 http://bit.ly/2MjdoQy



http://bit.ly/2MjdoQy

TAU-

ELECTRON- MUON- NEUTRINO
NEUTRINO y NEUTRINO e He's a tau now,
Thus n.unuscule bandlt‘.// < Like the other 2 s %3\\ Dt what hipeol
is so light, ' neutrinos, he’s got - neutrino will he
he is practically an identity crisis _ be next?
massless. from oscillation. |

MUON

A “heavy electron” who
lives fast and dies young.

TAU

A “*heavy muon” who
could stand to lose a
little weight.

4 | ELECTRON
A familiar friend,
this negatively

charged, busy [i’l

sevins Hlinm ba bhmwad

Helpful material and

resources * Particle Physics

Plushies
e http://bit.ly/2YRymfK



http://bit.ly/2YRymfK

Best practice example

* Development of the standard model, building from macroscopic to
sub-atomic.

 Parallel to understanding of living things (Organism, Systems, Organs, Cells,
Organelles)

* Quantum 3

* Making models / analogies to explain physics concepts
* Higgs Model - snow field
* Basketball example: accuracy vs. precision.
* Address limits of models



Best practice
example

* Error & Uncertainty
* Rolling with Rutherford (Quarknet)
* http://bit.ly/2H7FOZy
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@ roled or ‘beam” marbie

i target marble

0 = marbie ameler

L = width of roiling area

P=ND/L


http://bit.ly/2H7FOZy
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