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RAL 
MASTERCLASS
• Annual event over 4 days (Tues-

Fri)

• Targeting mainly A’ level 

standard

• 1 day online, 3 days in person

• Around 1000 people for online 

masterclass

• 180 students per day for each 

of the 3 in person days

• 180 student limit dictated 

by auditorium capacity

• RAL masterclasses are always 

oversubscribed for the in person 

days!



ONLINE MASTERCLASS

• During COVID we held the masterclass online

• Due to the success we decided to continue providing an 

online masterclass

• 1 day during Masterclass week

• Open to everyone!

• Just under 1000 students connect

• Find that students connect from all around the world 

• For the workshop we use a computer farm at RAL to 

spin up hundreds of containers. We issue hundreds of 

usernames and passwords to schools before the online 

day.

• For students who join independently, we advise that 

they use mybinder or Google Colab to participate in 

the workshop 



IN PERSON DAYS

• We run 3 in person days, each day with 

180 students

• These days are oversubscribed and we 

could fill 9 in person days with the demand.

• We make a big effort to select schools from 

a range of backgrounds

• We provide food for the day for the 

students

• Schools have to arrange their own transport 

to and from RAL

• We have schools from as far as Newcastle 

attend



• SLIDO: An online inface to engage students with 

Q&As, live polls and quizzes

• Use Slido as a way of students asking questions 

during talks and for general questions during the day

• Students use their phones for SLIDO

• Have RAL physicist monitoring SLIDO throughout the 

day to reply to questions

• Integrate polls and questions in talks via SLIDO

• SLIDO does a great job of increasing student 
engagement

• Initially worried about the requirement students 
need a phone

• Doesn’t seem to be an issue!

SLIDO



LECTURES

• Four lectures

• A Very Brief Guide to Accelerators

• Fundamentals of Particle Physics

• An Introduction to the Large Hadron Collider

• Big Data and the LHC

• Lectures available on YouTube

• See 

https://www.ppd.stfc.ac.uk/Pages/Particl

e-Physics-Masterclass.aspx for slides and 

videos

https://www.ppd.stfc.ac.uk/Pages/Particle-Physics-Masterclass.aspx
https://www.ppd.stfc.ac.uk/Pages/Particle-Physics-Masterclass.aspx


TOURS

• We are fortunate at RAL to be 

able to take the students on tours 

of the Diamond and ISIS 

experiments, where students learn 

more about accelerators and how 

scientists probe matter

• ISIS: Neutron and Muon beam 

production used to probe matter

• Diamond: UK’s national 

synchrotron science facility

• We receive great feedback 

about the tours!



WORKSHOPS

• In our workshops students analyse real 

data (using LHC opendata) to find the 

Higgs boson

• The students use python and practice the 

physics they learned during the day

• Use jupyter notebooks, downloaded and 

run on computer sticks with linux OS

• Jupyter notebooks are executable 

coding environments with a web 

browser interface 

• https://github.com/olaiya/zbo

son-exercise



WORKSHOPS

• Want to enable 

students to be able to 

continue learning 

beyond the masterclass 

at RAL

• All you need is a 

browser and internet

Click to run on 

mybinder

Click to run on 

Google Colab

myBinder and  Colab are 

online containers that run 

jupyter notebooks



USING MYBINDER 
FOR THE COMPUTER 
EXERCISE

• Students can run the exercises at home needing 

only a browser and an internet

• You are not limited to what is in the notebook

• You can create your own cells and 

perform your own analyses

• Issue: you lose your work after each session

• Solution: Use Google colab

• With a gmail accout you can save your 

work to google drive so your work 

persisits from session to session



WORKSHOPS

• The notebooks are a great way for students learn about 

coding, the Standard Model and physics analysis

• For those who are not new to python and the Standard 

Model the notebooks are fantastic

• However, feedback indicates that for the students who have 

just been introduced the python and the Standard Model find 

the notebooks too much to grasp within an hour!

• Students who have some previous exposure to python and the 

Standard Model seem to really like the notebooks

• Can we use something more straightforward for the 

workshops and have the notebooks as an at home/school 

longer project?



HARWELL OPEN 
WEEK 
WORKSHOPS

• During the last week of June the 

Harwell site which includes RAL 

was open to schools and the 

public

• For schools we had a 

masterclass like event 

• 400 students over 2 days

• We were able to test out 

another idea for the workshops.

• We used CMS’s iSpy Web



INVARIANT MASS - CLICK ON THE OBJECTS TO SELECT

SELECTED OBJECTS TURN GREY IN COLOUR.
CLICK TO SELECT MULTIPLE OBJECTS.

SELECTED OBJECTS ARE 
SHOWN IN A LIST



FILL IN THE INVARIANT MASS
1. CLICK TO SELECT ALL PARTICLEs and presss“M” 2. ENTER INVARIANT MASS INTO SPREADSHEET

3. PLOTS POPULATE AUTOMATICALLY
Each student (pair) has a distinct dataset. They enter data into a 

Google Sheet to populate their histogram. There is also a Google sheet 

that is linked to all of the students sheets and shows a histogram for all 

their data. We show the students the effect of adding all their data at 

the end of the workshop

Independently students can make out 

the Z peak. When we add all their 

data you start to see hints of a Higgs 

peak



FUTURE 
WORKSHOPS

• Based on the feedback from 

Harwell Open Week, very few 

students struggled with iSpy

• We will likely use it for our next 

masterclass in March 2025!



• Spend the last 30 minutes of the 

day getting feedback from the 

students and then finish with a 

particle physics quiz. 

• All on slido

• The feedback really helps us 

tailor the masterclass

• Winner of the quiz get a prize

• Typically something bought 

from the CERN shop

QUIZ



IRIS
• Institute of Research In Schools (IRIS) is a 

charity that provides 11-18 years with the 
opportunity to participate in cutting-edge 
STEM research and collaborate with leading 
universities

• In collaboration with Oxford University (Alan 
Barr), we work with IRIS to provide school 
children the opportunity to analyse LHC data

• Use ATLAS opendata

• Students analyse ATLAS data using jupyter 
notebooks

• RAL hosts the accounts for the students and 
provides the online computing for the students 
to use

• At the end of the project (typically spans a 
year) the students produce a poster on their 
findings and how they achieved them

• Over 300 students participated last year.

• Roughly 50% were female!

• We are still trying to understand how we 
achieved this number



• We now run a one day masterclass for a few schools 

that participate in the IRIS Big Data: ATLAS project a 

week or two after our main masterclass week

• Last year we won an award for the best project!

• This year during the run up to Harwell Open Week 

we had weekly meetings with a school participating 

in the IRIS project. We helped them with any questions 

regarding their work and any general physics 

questions

IRIS



• The RAL particle physics masterclass is a popular annual event that is oversubscribed

• Show we are doing something right

• Feedback from the masterclass is always positive

• Jupyter notebooks are a great way for students to learn about programming, analysis and 

particle physics

• Would be nice to set up an infrastructure where school children can learn about the above like we do 

with the IRIS school children but requiring less teacher/university support

• There are lots of masterclasses in the UK. Can work together on a practical that the kids can use?

CONCLUSION
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