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Determining g – HS experiment



Determining g – HS experiment

Height 
(m)

Time (s) Average 
Time (s)

Uncertainty 
(s)trial 1 trial 2 trial 3 trial 4 trial 5

4.323 0.93 1.01 0.98 1.02 0.94 0.976 0.045

5.275 1.31 1.38 1.23 1.33 1.38 1.326 0.075

5.581 1.55 1.68 1.63 1.75 1.56 1.634 0.1

8.359 0.96 1.03 1.01 1.01 1.01 1.004 0.035

11.753 0.88 0.88 0.88 0.91 0.95 0.9 0.035
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Data table from the particle 
detector…



Analysis of data



Analysis of data



Analysis of data



Models: only what actually matters

Take measurements of only what the theory/model needs, the rest are details...



Statistics and distributions

Mean

Standard deviation

68-95-99.7 rule

HEP: 5 sigma rule (99.9999426697%)

Galton Board

https://phet.colorado.edu/sims/html/plinko-probability/latest/plinko-probability_en.html


Statistics and distributions: an example



Conception & Challenge

• Concept of 
Particle Physics

• Quark

• Lepton

• New and classical 
model

• Interaction of forces

• The charged of 
particle

• Muon and tau 
particle

DECAY

TRANSFORMATION

Students’ 

Knowledge

Challenge

Suggestion

Tuzan & Solbes (2016), Gourlay (2017), Woithe, Wiener, and Veken
(2017)



Conception & Challenge

DATA ANALYSIS

Data Distribution and FrequencyKnowledge

Variability Data
Data Interpretation

Challenge

Cooper and Shore (2017)



Data analysis resources:
https://github.com/cernitw207/cerrnitw2017: this folder contains all the data, instructions and links for the task.

https://github.com/cms-opendata-education/cms-jupyter-materials-english : further steps in data analysis

of particles’ collisions (plotting histograms, calculation of invariant mass,further statistics).

http://opendata.cern.ch/ education and research resources provided by CERN

https://scool.web.cern.ch/ CSV data files and other teaching resources.

https://www.continuum.io/downloads download Anaconda (comes with many programming frameworks)

and Jupiter Notebook that is recommended framework for the task.

https://www.python.org/downloads/ download Python 3 for data analysis (reccomended).

https://www.learnpython.org/en/Basic_Operators basic introduction to Python (contains many useful tutorials).

https://github.com/cernitw207/cerrnitw2017
https://github.com/cms-opendata-education/cms-jupyter-materials-english
http://opendata.cern.ch/
https://scool.web.cern.ch/
https://www.continuum.io/downloads
https://www.python.org/downloads/
https://www.learnpython.org/en/Basic_Operators


Student’s activities

Useful papers for teachers

http://neutrino-classroom.org/TeachersGuideJuly2015/NeutrinoClassroomTeachersGuide-

EditedJuly2015.pdf - Particle physics activities for high school physics students.

http://slideplayer.com/slide/8518655/ - Use of Cosmic Ray eLab to teach the research process.

http://www.i2u2.org/elab/cosmic/home/project.jsp - High school students use cutting-edge 

tools to do scientific investigations. 

Tuzon P, Solbes J. Particle physics in high school: A diagnose study. Plos ONE. 2016; 11(6):1-9. 
doi:10.137/journal.pone

Gourlay H. Learning about A level physics students’ understanding of particle physics using 
concept mapping. IOP Science Physics Education. 2017; 52: 1-8.

Woithe J, Wiener G, Veken, F. Let’s have a coffee with the standard model of particle physics. 
IOP Science Physics Education. 2017; 52: 1-9. doi: 10.1088/1361-6552/aa5b25.

Wiener G, Schmeling S, Hopf M. Introducing 12 year-olds to elementary particles. IOP Science 
Physics Education. 2017; 52: 1-7. doi: 10.1088/1361-6552/aa6cfe.

http://neutrino-classroom.org/TeachersGuideJuly2015/NeutrinoClassroomTeachersGuide-EditedJuly2015.pdf
http://slideplayer.com/slide/8518655/
http://www.i2u2.org/elab/cosmic/home/project.jsp


Chromatodatanalysis!



Complex but enjoyable. Opportunities:

1. Pupils are introduced to writing 
functions and importing program 

libraries.

2. Pupils then proceed to calculation of 
the total momentum of a particle and 
the relativistic energy that it contains .

3. In the final stage of the task pupils 
have to compare the data from CERN to 

their calculated value.

Chromodatanalysis!



Data files and instructions 
are all saved in Github.

The task fits well in other resources 
that have been developed by teachers 
and could be used as a starting point 

for data analysis using Python. 



Link:

• https://github.com/cernitw207/cerrnitw2017
TASK, instructions, useful links.

Thank you!
Andrea Bussani

andrea.bussani@gmail.com

Konstantin Chunikhin
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