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Key ideas

• Design of colliders and other facilities at CERN;

• Simulation of high energy physics and designing the experiments;

• Automated safety controls to protect human life;

• Extracting, storing and analysing all data obtained;

• Collaboration and communication across a very large international 

network.



Curriculum & classroom connections 

• Dataloggers 

• Data analysis

• Simulations for particle interactions

• Mathematical modelling and statistical distributions

• Databases



Potential student conceptions & challenges

• Computing is a difficult!

• Perception of scale of data collected

• Understanding that 99.99% of data is filtered out!

• "What even is data?"

• Assumptions made



Scratch



STRATEGY 1: TEACHING STUDENTS HOW THE HIGGS WAS 
DISCOVERED WITH COMPUTERS USING SCRATCH AS A 
PROGRAMMING TOOL

• Ideal for novice 

programmers

• Code condensed to blocks



STEP 1: UNDERSTANDING THE BASIC LAWS THAT GOVERN
PARTICLE COLLISIONS

• Simulate particle 

collisions

• Students put their 

understanding of 

conservation laws 

into practice



STEP 2/3: BACKGROUND AND SEARCHING FOR NEW
PARTICLES



International Masterclasses

International Masterclasses Spring each year – take part!
http://www.physicsmasterclasses.org/index.php

IPPOG website – great place to get resources for teaching and 
organising particle physics events
http://ippog.org/

http://www.physicsmasterclasses.org/index.php
http://ippog.org/


This year more than 13000 high school
students in 52 countries participated in this
project.

International Masterclasses

http://physicsmasterclasses.org/

http://physicsmasterclasses.org/


• Students 15-19;
• Every March;
• Discover the world of particle physics.

Activities:
• Lectures
• Measurements on real CERN data
• Video conference with students from other countries -

collaboration

http://atlas.physicsmasterclasses.org/en/index.htm

http://atlas.physicsmasterclasses.org/en/index.htm


Hypatia - analyze real data rom ATLAS and try to discover the
elementary particles.

Interactive laboratory environment - events 
recorded in proton-proton-collisions





Track Momentum Window -
loading and reviewing events



Invariant Mass Window -
shows the invariant mass of the selected particle



Canvas Window -
visual display of Atlas detector

cross section
side view



Control Window -
Parametar Control - turn on and off the event view, 
change color...
Interaction and Window Control – zoom, change the
frame
Output Display - more detailed information about the
selected object



Invariant Mass Window

Canvas Window

Track Momentum Window

Control Window



http://atlas.physicsmasterclasses.org/en/index.htm
https://indico.cern.ch/event/507180/contributions/2154507/attachme

nts/1308441/1956712/IPPOG_Masterclasses.pptx
http://kjende.web.cern.ch/kjende/en/index.htm

http://physicsmasterclasses.org/
http://www.physicsmasterclasses.org/exercises/hands-on-

cern/hoc_v21en/index.html
https://indico.cern.ch/event/318730/contributions/737355/attachment

s/613361/843833/KoJe-Masterclasses-2014-HST.pdf
http://hypatia.phys.uoa.gr/Downloads/

Instructions and materials for work

http://atlas.physicsmasterclasses.org/en/index.htm
https://indico.cern.ch/event/507180/contributions/2154507/attachments/1308441/1956712/IPPOG_Masterclasses.pptx
http://kjende.web.cern.ch/kjende/en/index.htm
http://physicsmasterclasses.org/
http://www.physicsmasterclasses.org/exercises/hands-on-cern/hoc_v21en/index.html
https://indico.cern.ch/event/318730/contributions/737355/attachments/613361/843833/KoJe-Masterclasses-2014-HST.pdf
http://hypatia.phys.uoa.gr/Downloads/


Datalogging

• To introduce automated and large scale data collection

• To understand the need for collaboration

• Students carry out experiment into energy in 

linear collisions of particles by modelling with air track 

gliders

• Discuss the need to obtain many data points to observe 

possible energies and relate to particle collisions



 The Worldwide LHC Computing 

Grid (WLCG)

 More than 170 computing centres

 42 countries

 To provide global computing 

resources ~50 Petabytes of 

data in 2017, generated by LHC 

@ CERN

 Task is too Store Distribute

and Analyse.

The Grid we are concerned with.....

http://www.cern.ch/


How we can proceed........
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