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Teacher 1

Class:IB Physics

When to present:  During Relativity unit

Description:  Use the MINERvA experiment to determine mean lifetime of muon.  
This will be done after we do Cloud Chambers and see ionization of Muons and 
before we do the special relativity evidence/time of flight experiment with Cosmic 
Ray Elab



Teacher:  Enrique

Class: IB Physics SL/HL

When to present:  Relativity Section, Spring 2026

Description: I plan to do the MINERvA masterclass activity to have the students 
determine: (1) lifetime of muon, and (2) mass of muon using total Energy*⅓.  The 
muon lifetime will then be in cosmic ray time of flight experiment to determine 
evidence for special relativity.  This unit will start with cloud chamber work to see 
ionization trails by muons.   
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https://youtu.be/B3ace7eGgyU

https://youtu.be/B3ace7eGgyU


Python link

https://colab.research.google.com/drive/1IqVaes2Z9XW8cKUsB3LspqtLiQ7WVW
Xb?usp=sharing

https://colab.research.google.com/drive/1IqVaes2Z9XW8cKUsB3LspqtLiQ7WVWXb?usp=sharing
https://colab.research.google.com/drive/1IqVaes2Z9XW8cKUsB3LspqtLiQ7WVWXb?usp=sharing




Create a coincidences dataframe
1. Looks for first nonzero time in a Channel with Tabs
2. Opens 100ns gate
3. Records channel start time
4. Looks ahead for first nonzero endtime*
5. Checks for other channels within the gate window
6. Looks for end time for other channels



Calc TOT, Speed then make histograms

coincidences['Ch1_TOT'] = coincidences['ch1_end'] - coincidences['ch1_start']

# Time between detector 1 and 2

coincidences['Ch12TOF'] = coincidences['ch1_end'] - coincidences['ch2_start']

# calculate speed

LengthBetweenDetectors = 0.04 #meters

coincidences['Speed12'] = LengthBetweenDetectors / coincidences['Ch12TOF']





Speed



Teacher 2 in collaboration with Teacher 1
Classes: general physics and Beamline for Schools team/club

When to present: general physics - sprinkled in throughout the year. Beamline for Schools team/club - fall meetings 
and “particle camp” in preparation for BL4S proposal development.

Description: Muon Lifetime Studies in 3 variations

● Fundamentals/develop background knowledge: QuarkNet Data Activities Portfolio
○ Dice, Histograms, and Probability

■ Use post-it notes for generation of the histogram. Then convert post-it note histogram to either (intro to) Jupyter notebook or (intro 
to/review of) Excel

○ Mean Lifetime, Part 1
■ Might use the Jupyter notebook version as also intro to Python. Probably just with BL4S students

○ Possible to add in discussion of Special Relativity and time dilation/length contraction as relates to fast/CR muons’ ability to reach Earth’s 
surface even given their quick decay.

● Apply to open source MINERvA data, more QN Data Activity
○ Mean Lifetime, Part 3

■ Focus on experimental design, how the data gives muon lifetime.
● Apply to experimental design and analysis - eLab with CRMD vs. “homemade” Python data analysis

○ Start with Data Portfolio - Mean Lifetime, Part 2
■ how is the CRMD experiment and data analysis similar to and different from MINERvA.

○ Set up CRMD, collect and analyze “real” data 
○ Analyze data using eLab, as practiced in Mean Lifetime, Part 2. This will also work as a check for data quality
○ Analyze same data using homemade Python to see more detail about how the lifetime is measured with CRMD data, how the plots are 

generated, more details about the statistics available from Python’s histogram, etc.*

Note to self: remind Steve Shropshire to add INL visit and cloud chambers to ID Workshop next year!

https://quarknet.org/data-portfolio/activity/dice-histograms-probability
https://quarknet.org/data-portfolio/activity/dice-histograms-probability
https://quarknet.org/data-portfolio/activity/mean-lifetime-part-1-dice
https://quarknet.org/data-portfolio/activity/mean-lifetime-part-1-dice
https://quarknet.org/data-portfolio/activity/mean-lifetime-part-3-minerva
https://quarknet.org/data-portfolio/activity/mean-lifetime-part-3-minerva
https://quarknet.org/data-portfolio/activity/cosmic-muon-lifetime


Examples of the 3 versions of muon lifetime* results: eLab “Standard” 
Lifetime Study

*accepted value for muon mean lifetime: 2.2 microseconds



Examples of the 3 versions of muon lifetime* results: eLab “Advanced” 
Lifetime Study

*accepted value for muon mean lifetime: 2.2 microseconds



Link to activity instructions and event display

Example spreadsheet for data collection

Examples of the 3 versions of muon lifetime* results: MINERvA

*accepted value for muon mean lifetime: 2.2 microseconds

https://neutrino-classroom.org/particle_decay.html
https://docs.google.com/spreadsheets/d/1i0MMVT8myNkIZrTuw-yGZYXNbi0dCjnWnIo0tF93S70/edit?gid=0#gid=0


Enrique’s “homemade” Python analysis:

(this may be a work in progress for quite a while)

The aim is to give students an idea of what’s going on “behind the scenes” of 
eLabs graphing program, more understanding of what the CRMD is actually 
measuring and the variety of information that can be pulled from that data, and 
more exposure to Python programming.

Text file version of data used in eLab: EQUIP_15JAN2025_092358.txt (in google 
drive, “Bulson CRMD Data”)

Examples of the 3 versions of muon lifetime* results

*accepted value for muon mean lifetime: 2.2 microseconds



Teacher 3

Class: General Physics

When to present: Atomic Unit

Description: The Particle Zoo. 

Teaching the Particle Zoo—the subatomic particles in the 
Standard Model of particle physics—can be exciting but complex, 
especially for students unfamiliar with quantum mechanics or 
high-energy physics. 



1. The Big Picture
Before diving into particles, set the context.

● Analogy: Having discussed atoms and nuclear reactions, discuss how even those particles can be 
made of  other particles, (more) fundamental particles.

● Goal: Explain that all matter and forces (except gravity) can be described by the Standard Model.

● Use visuals or simulations to show atoms → protons/neutrons/electrons → quarks & leptons.

Bosons (force carriers)

● Photon (electromagnetism)

● Gluon (strong force)

● W/Z bosons (weak force)

● Higgs boson (mass giver)

2. Introduce the Categories
Break the Particle Zoo into understandable sections (spin):

Fermions (matter particles)

● Quarks: up, down, charm, strange, top, bottom

● Leptons: electron, muon, tau + their neutrinos

● Visuals: particle trading cards, 3D puzzles



3. Use a Particle Chart

Show or draw the Standard Model chart. 
Break it down slowly.

● Emphasize which particles make up 
normal matter (up/down quarks, 
electrons, electron neutrinos).

● Show how other particles are more 
exotic or exist in high-energy 
environments.

4. Teach with Analogies

● Quarks: like flavors in a recipe—can’t 
exist alone (confinement).

● Bosons: like messengers delivering 
forces between particles.

● Neutrinos: ghost particles—rarely 
interact, but abundant.



5. Bring in Experiments

● LHC & CERN: What happens in particle 
accelerators.

● Cloud chambers or online simulations 
can visually show particle interactions.

6. Hands-On Activities
● Card games: Make cards for each 

particle with properties (charge, mass, 
spin).

● Build-a-particle: Combine quarks to 
form protons, neutrons, mesons.

● Use LEGOs, 3D models, or interactive 
apps (like PhET simulations or 
"Quarked").



7. Address Common Misconceptions

● Particles aren’t little billiard balls.

● Antimatter doesn’t mean “evil” matter.

● The Higgs doesn’t “create” mass directly 
for all matter. 8. Use Media

● Videos: Kurzgesagt, MinutePhysics, or 
CERN explainer videos.

● Animations help show how particles 
interact or decay.



9. Optional Extensions
For advanced students:

● Introduce Feynman diagrams

● Discuss quantum numbers (charge, spin, 
color)

● Mention beyond the Standard Model
ideas: supersymmetry, dark matter

10. Wrap-Up with Context
● How the particle zoo helps explain why 

the universe behaves the way it does.

● Current research: Higgs boson, neutrino 
oscillations, dark matter searches.



Teacher 4

Class:Physics

When to present:  In the middle of the special relativity unit, before going over the 
energy-momentum connection

Description:  As a lab experience for special relativity, I will try to use the Energy, 
Momentum and Mass data activity to have students use data to find the relation, 
not just telling them what the relation is.

Second semester we I will continue to have students come up with their own 
cosmic ray detector question to test in order to get first-hand experience doing 
science.



2025 CRD Project

https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-
steven_millward-grace_high_school-grace-id-2025.0519.data

https://docs.google.com/presentation/d/1Myplq49Zju-O-
Vx0N9xlzRWBMFAppXkBADAOYjaYwgo/edit?slide=id.g35a7ca3e073_0_0#slide
=id.g35a7ca3e073_0_0

https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://i2u2.org/elab/cosmic/posters/display.jsp?name=ajl-cosmic-2025group-steven_millward-grace_high_school-grace-id-2025.0519.data
https://docs.google.com/presentation/d/1Myplq49Zju-O-Vx0N9xlzRWBMFAppXkBADAOYjaYwgo/edit?slide=id.g35a7ca3e073_0_0#slide=id.g35a7ca3e073_0_0
https://docs.google.com/presentation/d/1Myplq49Zju-O-Vx0N9xlzRWBMFAppXkBADAOYjaYwgo/edit?slide=id.g35a7ca3e073_0_0#slide=id.g35a7ca3e073_0_0
https://docs.google.com/presentation/d/1Myplq49Zju-O-Vx0N9xlzRWBMFAppXkBADAOYjaYwgo/edit?slide=id.g35a7ca3e073_0_0#slide=id.g35a7ca3e073_0_0
https://docs.google.com/presentation/d/1Myplq49Zju-O-Vx0N9xlzRWBMFAppXkBADAOYjaYwgo/edit?slide=id.g35a7ca3e073_0_0#slide=id.g35a7ca3e073_0_0
https://docs.google.com/presentation/d/1Myplq49Zju-O-Vx0N9xlzRWBMFAppXkBADAOYjaYwgo/edit?slide=id.g35a7ca3e073_0_0#slide=id.g35a7ca3e073_0_0
https://docs.google.com/presentation/d/1Myplq49Zju-O-Vx0N9xlzRWBMFAppXkBADAOYjaYwgo/edit?slide=id.g35a7ca3e073_0_0#slide=id.g35a7ca3e073_0_0
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