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Particle Physics Outreach
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During 2020, all our outreach programmes were cancelled , with 
everyone was at home, students lost a lot of engagement

We wanted to reach out to some local secondary school 
students to inspire them with physics research my using an 
innovative online approach to teaching data analysis using data 
from the ATLAS experiment at CERN.

We wanted to provide an challenging yet safe environment 
where students felt at ease to ask many questions, and learnt 
the process of tackling university level material in a growth 
environment.

We also did some learning resource co-creation with the 
students, so they gave feedback and helped us to improve our 
documentation for future students at that age.



Our team
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Kate Shaw, Lecturer
Researcher on ATLAS

Tom Stevenson
Postdoc on ATLAS

Meirin Evans
PhD student on ATLAS

Darren Baskill, outreach officer
Outreach advisor to project

Our core team developed the 6 month course using lectures and discussion sessions, ATLAS masterclass 
event display activities, ATLAS Open Data activities including Histogram Analyser and analyses using 
Jupyter Notebooks, and students developed documentation, abstracts, posters and presentations.

Many other Sussex ATLAS scientists gave their time to teach lessons, run break out rooms and mentor 
the students posters.



The programme
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• Worked with local sixth form college, 16-18 year olds, at BHASVIC, Brighton

• Widening participation school. Has over 400 students studying physics!
• Advertised on BHASVIC message boards with short video and text, for the first year students,

• Offered 10 places providing high impact outreach!
• December 2020 – May 2021. Event and poster session November 2021.

Six month online programme, 2+ hour sessions a week

• Session 1: Online Teams / Zoom sessions recorded
• Micro-lectures, interactive teaching
• Breakout rooms for discussion and analysis

• Session 2: Independent homework session (1+ hour)



Approach: Learn by doing!
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• Lectures: Used micro-talks 15 minutes max! 

• Sessions must be interactive and students should be active.
• Allow learning to build up over several weeks, - don’t need to teach every thing in one go!

• Students learn through doing, using online learning activities.
• Students slowly get used to asking questions and being confident that its ok not to know and 

asking questions is the route to knowledge and skills (growth approach).



Approach: Keep Engagement
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Typical Session:

• Start with Kahoot quiz (~ 5 questions)
• Micro-talks, Interactive activity

• Links to home-made videos for indepedent work
• Break out rooms to provide close interactions

between researchers and students, prepare students 

for independent work

• We started the interactive activities very early on, we 
expect them to learn as we go!

Kahoot Quiz

Home made video by Sussex 
undergraduate student with instruction 
tutorials



Learning Activities
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1. ATLAS Visualization with MINERVA and HYPATIA

Using the detailed activities of the ‘International 
Masterclasses Hand on Particle Physics” website.

Students learn topics through micro-talks and activities

• Particle physics and the SM
• CERN, the LHC and ATLAS
• The ATLAS detector and particle / event identification

Activities

• Measure W+/ W- ratio
• Measure the Z boson mass

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


Learning Activities
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2. ATLAS Open Data Visualisation using the

Histogram Analyser. From the 13 TeV ATLAS Open 
Data toolkit, all available on the website.

Students learn topics through micro-talks and activities

• Technical side of data analysis, and histogramming
• Simulation of data
• Cuts, and cut based analyses

• Optimisation of signal over background 

Activities
• Find the Higgs

• Study of rare-top-quark analyses

http://opendata.atlas.cern/release/2020/documentation/index.html


Learning Activities
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3. ATLAS Open Data analysis using Jupyter 

notebooks. From the 13 TeV ATLAS Open Data toolkit, 
all available on the website.

Students learn topics through micro-talks and activities

• Basics of Python Coding, Kaggle, Github
• Cut based analysis in Python and drawing of 

histograms, invariant mass reconstruction etc

• Analysis techniques, such as fitting to data

Activities

• Higgs -> two photon analyses

http://opendata.atlas.cern/release/2020/documentation/index.html


Learning resources co-creation 

10

As the students worked through the ATLAS Open 

Data Documentation they gave direct feedback to 
improve clarity and student engagement

Students also: 
• Designed quiz questions

• Created a glossary page
• Prepared documentation and peer-reviewed 

others
• Gave presentations to one another about their 

analysis, holding discussions 



Poster presentations
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How Simulations are Used in Particle Physics
By Finley Braund, supervised by Dr Josh McFayden

The first step is to simulating data is called “event generation.” In the LHC protons are made to collide, and the 
theory that describes what these collisions give you is Quantum Chromodynamics, which is the theory of the strong 
interactions between quarks and gluons. Event generators use the theory to give you a list of all the particles that 
come out of a collision between 2 protons. As some particles decay on their own we are mainly concerned with 
particles that are stable enough to interact with the detector, so these are the only ones we worry about. 

There are many event generators, and many are set up to do only one particular thing extremely well. Because of 
this you often you have to string them together to get a full description of a single collision between two protons at 
the LHC.

So if you have a theoretical particle that you want to ‘find’, you need to write down how the particle interacts in a 
program, and then you can use event generation to have a complete description of all the particles that come out of 
a collision when this particle is produced. So this basically gives you all the raw data you need. 

After this its time for detector simulation. 

Once we have our event generators we need to actually find out what this would look like in our detector so we can 
compare the theory to the real data. So we need a piece of software that  takes the particles we have generated 
and moves them through the detector one by one, modelling the detectors response to each one. This is where 
detector simulation comes in.

The first part of a detector simulation is the detector description. You need to create an accurate model of every 
piece of the detector with the correct geometry and materials assigned to every piece. People at ATLAS have to take 
technical drawing and images of the detector and convert that into something the detector simulation can use. 

As it is impossible to put every single detail in you have to find short cuts, and the process is still ongoing today as 
the simulation is continuously refined and improved and things that were not considered important 5 or 10 years 
ago are becoming important now. You also need to make a magnetic field map of the entire detector. 

Once you have the detector description you treat every particle one at a time, and for each particle you treat it in 
‘steps’. 

For each step, the length is determined by the cross section of the physics process and the geometrical boundaries. 
The energy deposits of the step are recorded, taking into account the different factors in your detector model. And 
if the particle is destroyed, reaches the end of the detector or its energy is below a tracking threshold, then the 
simulation of the particle is over, otherwise you move to the next step. The output of each step can be that a new 
particle is created or energy is deposited throughout the detector. 

After you have simulated the detector you now need to move on to “digitization”.

The last part of the process in called “digitization” and has to be written specifically for the detector. Here you 
are converting the particles energies into the actual outputs you would expect to see from the detector e.g. time, 
voltage, current etc. When doing this we have to build in all the detector effects we care about. We also add effects 
such as pile up, which are the extra proton collisions from a single bunch crossing. This is normally done through 
pre-simulation where you add the extra events on top of the important events, like using a big library. You add 
other background effects here, like cosmic rays passing through the detector or proton collisions with remnant gas 
particles in the detector. 

After this process we should now have something very close to real data, except we know exactly what the particles 
are with no ambiguity (as we can see what they are from the event simulation). 

With this we can see if a new particle exists in nature. We can do this by building some simulated data from all the 
processes we know exist in nature, and we can build another set of data with all these process and the new particle. 
Then you need to figure out what makes the events with the new particle special, that is different from the other 
ones we would expect to see, and isolate them from the other events. In doing this we have to know a little bit 
about the simulation, so that we don’t end up using properties of the events that are very hard to get right in the 
simulation to separate the new particle from other particles. This makes up the first part of data analysis. Then after 
this you can now check the data that passes our cuts, and see if the data looks more like nature with or without the 
new particle. This gives you a pretty good idea whether or not the particle exists in nature. 

Event Generation - Getting the Raw Data 

Detector Simulation - What Happens in the Detector 

“Digitization” - What is the Output

Some data from a few different dark matter models. The data look more like our expectation without 
them, though – so no new physics.

A simulated black hole event. 

An image of an event, the real ones are hundreds of times more complicated than this. 

One of the detector layout simulations. 

An event with lots of “pile-up” 
– many standard proton-proton 
collisions, one dot for each, on 
top of one that we’re interested 
in (the one with the yellow 
tracks).

Summer 2021 : small research project

• Each student worked with a supervisor at
Sussex to create a poster on a topic of their 

choice
• Students prepared a 3 minute flash talk
• Learning objectives

• Working with a supervisor, in particular 
being proactive

• Understanding how to benefit from
critical review of work

• Planning a project and the presentation

of the poster



Event and poster presentations
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November 2021: One hour in-person event!

• Approx 100 students attended
• Students each presented 3 minute flash talk of their poster

• Each student had one question from the audience!
• We were SO impressed by the level the students were 

talking at, could say ~MSC level physics discussion!

• Posters stayed mounted in main court yard for 6 months, 
amplifying impact.

• Students all received certificates!
CERTIFICATE of ACHIEVEMENT 

THIS ACKNOWLEDGES THAT 

Liam Staras 
HAS SUCCESSFULLY COMPLETED THE UNIVERSITY OF SUSSEX COURSE IN 

 

PARTICLE PHYSICS 
& DATA ANALYSIS 

In data science 
 

 

 

 

 

 

Dr Kate Shaw, Lecturer in Particle Physics  

 

 

 

 

 2021 



Feedback
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From the researchers

Number of students: In general we felt having 10 students allowed high impact outreach and 

educational teaching! We got to know each other. Could expand to ~20 but more would reduce the 
impact of the activity.

Working online: Worked perfectly for this activity, could easily be done inperson too!

- Zoom chat well, students interacted with each other or researchers answering questions. 
- Zoom break out rooms allowed tutorial style interaction (one researcher – 3 or 4 students), really 

probing the students knowledge and preparing them for the independent work through studies of the 

activities
- Teams gave us space for week by week instructions, files, spaces for students to share their work



Feedback

14

From the students

• Students were very appreciative of this enriching experience, particularly during lockdown

• Students felt the level was pitched correctly
• Students enjoyed the learning through doing approach, found it engaging

• Students mentioned they appreciated feeling safe and not intimidated
• Students mentioned they felt much more confident in their learning and analysing abilities
• Students found this was an instrumental part of the CV and many used it for their statement for 

University applications
• Students were exceedsingly happy with the programme and would definetly recommend.



Conclusion
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We were very happy with the programme, which evolved and grew as we learnt 

and interacted. Students were very happy and we reached our goals.

We have taught another online programme with a group of students, however 
without zoom chat / break outs this did not work as well. Thus we conclude it 
should be done in person or directly over zoom with each student.

We are putting together the whole programme into an online workbook to be 

ran again with ease and will look for further improvements


