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My experience

* Teaching A-level physics in a well resourced school - my day job
* Quarknet cosmic ray muon detector

* Cosmic watch muon detector

* World Wide Data Day (W2D2)

* Particle Physics masterclasses with students

* International cosmic day

* Quarknet classroom activities

* |Institute for Research in Schools (IRIS) - mainly astrophysics
(Cosmic Mining) but also Big Data ATLAS

 IPPOG Resource Database



A-level Particle Physics (Age 16-18)

* There is quite a lot of particle physics in the UK A-level syllabus
that | teach.



4 A positron is emitted from a nucleus when a proton changes to a neutren in
the nucleus. The Feynman diagram for the quark interaction is shown below.

a |dentify the particles labelled A, B, C, and D in the diagram.

A
B
c
D
{3 marks)
b i State the interaction responsible for this process.
................... (1 mark)
ii State which letter in the diagram represents an exchange particle.
................... (1 mark)
iil State one difference between this exchange particle and a photon.
------------------- (1 mark)

The Z* particle is a baryon with strangeness -1.
i How many quarks does the I* particle contain?

total quarks

ii How many of the quarks are strange?

{1 mark)

strange quarks
The £* decays in the following reaction

2V S Tmt+n

i State two quantities that are conserved in this reaction.

{1 mark)

iii What interaction is responsible for this reaction?

iv Into what particle will the neutron formed in this reaction eventually

decay?

(2 marks)

(1 mark)

(1 mark)

(1 mark)



A-level Particle Physics (Age 16-18)

* Students usually really enjoy it.

* Some people in some universities think that as we don'tdo it in

any mathematical depth, we would be better off leaving it for
undergraduate level study.

* | think it's a huge opportunity to give students a taste of modern
physics and get them excited about particle physics.






Cosmic Ray muon Detector

* Hands on — for me this is very important. You can see how it works
and play with it.

* Building it is fairly straightforward. Keeping it working is more of a
challenge.

* If you are in the USA, the Quarknet teacher setup looks great.



World Wide Data Day
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World Wide Data Day 2025: 20 November, 00:00-23:59 UTC

Registration coming soon. If you have any questions, please send an e-mail.
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World Wide Data Day

World Wide Data Day 2025: 20 November, 00:00-23:59 UTC

Registration n. If you have any questions, please send a

An excellent introduction to particle physics

It's a pity the name doesn't tell you that

The perfect length (roughly 2 - 2.5 hours)

A good balance between being accessible and challenging.



Quarknet Activities

* Fillwhat | think is a gap in the market

* Activities for A-level students (17 years old) that have the right
level of challenge.
o Some maths and analysis
o New applications of ideas with which they are already familiar
o Make students feel a bit out of their depth but not in danger of drowning

* |[n most cases, enough guidance for teachers so that can run the
activity without embarrassing themselves in front of students



* Energy
 Momentum
e DiffractionnAd = dsin?

‘ﬁ Submitted by kcecire

Published: Wed, 06/03/2015 - 11:27 | Group(s):

Use quantum physics and LHC data to estimate the size of the proton.

In this short investigation students inspect events from the TOTEM sub-detectors system at the Large Hadron Collider (LHC) to find the elastic scattering angles
of protons that collide at Point 5. Students uncover evidence of the quantum nature of the proton—that it exhibits both particle and wave behaviors—and then
use this model along with classical physics that they study in high school to estimate an upper limit of the proton diameter.

Materials
H Teacher Pages 1.94 MB
B studentPages 399.23 KB
B Datarie 244 MB

& Taily sheet



o Calculate the Z mass using E* = p%c? + m%c*. The units we use for energy momentum and
mass enable us to right the equation with ¢ 1s absorbed into the units and cancels out. For
more information follow this link: hitps://quarknet.org/page/energy-momentum-and-mass
Therefore we will use the equation as E2 = p* + m?

Energy, Momentum, and Mass

Almost everyone is familar with Einstein's famous equation E=mc?. It indicates the energy content of a particle of mass m at rest. This is a special case. More
generally, particle energy depends on particle motion as well as its mass. The energy of a particle (mass m moving with momentum p) is given by

E? = (pc)? + (mc?)?
or
E? = p?c? + m?c?

You may have noticed that particle physicists often refer to particle masses and momenta in electron-volt energy units of MeV or GeV. They can do this because
the speed of light, ¢, is a defined constant and can be used as a unit conversion factor. Then for energy in eV units, the corresponding momentum and mass
units are eVic and eV/c?, respectively. If you put these units in to the equation, you get:

[eV] = [eVic]2c? + [eVicPct.
Take a look at what happens. All the c's cancel out:
[EVIE = [? ]:|::Z + [ET\Z T ct

e B o, BV
c- [

[eviZ = E‘:_:“’P/"ciﬁ Jj_:;ic"

That is why particle physicists sometimes render this equation as

E?=p? +m?.



Calculate the Z Mass

ﬂ Submitted by xeno
Published: Fri, 09/05/2014 - 06:47 | Group(s):

Developed by a teacher—Bob Grimm

Students use conservation laws and vector addition to calculate the Z mass from event displays.

Students use momentum conservation, energy conservation and two-dimensional vector addition to calculate the mass of the Z boson.They gather data from
event displays of candidate Z decays from the ATLAS and CMS experiments at CERN'’s Large Hadron Collider (LHC). The eight events from 2010 were chosen
carefully; the momenta of the muons from the Z decay were relatively small in the direction along the beam line. Thus these events were nearly two-dimensional
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Perimeter Institute

Beyond the Atom:
Remodelling Particle
Physics, Second Edition

New Download Options:

¢ With Video includes our full video (640 MB MP4 file)

e With YouTube Video Link includes a link to the same video on YouTube

Thomson's moded Rutherford's model
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This resource includes activities with hands-on models of particle physics
phenomena, real data from particle physics experiments and card sorts. It
connects to curriculum topics of atomic models, electric and magnetic fields,

energy, momentum, and the Standard Model. cnis :
== English ~
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Beyond the Atom: Remodelling Particle Physics

Name: Date:

Student Activity

Discovering the Mass of the Higgs Boson

Science Background

The Large Hadron Collider (LHC) is a circular particle accelerator with a circumference of 27 km,
in which fast-movina protons collide head-on with other fast-movina protons. One of the LHC’s

Beyond the Atom: Remodelling Particle Physics
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CMS Experiment at the LHC, CERN
Data recorded: 2011-Jun-25 06:34:20.986785 GMT
Run/Event/LS: 167675 / 876658967 / 829

CMS data for the possible decay of a Higgs boson into two electrons and two positrons. Each arrow represents the momentum

vector of a particle. The hollow circle represents part of the detector. Note the x- and y-axes.

PERIMETER H INSTITUTE FOR THEORETICAL PHYSICS I 62



ABOUT DISCOVER RESOURCES UPDATES Q SEARCH

Press Run 3

We offer: particle physics, or in the development of new tools and technologies.

» New: extended 13 TeV data

* 13 TeV legacy data
+ 8 TeV legacy data + 13 TeV proton-proton collisions

The published data includes:

* 5 TeV Heavy ion (Lead-Lead) collisions

» Event generator output at 13 TeV and 13.6 TeV

Accessing the Data Tutorials and Tools

L ] : Jupyter ATLAS_OpenData_analysis_example-python_Hyy_channel junsaved changes) A Visitrapo  Copy Binder lik.

\ Pl ER Ver b O Kesl W Heb Navswa [ Pyiond O x
- - m 4+ %@ B 4 4 HAan B C B Moo ¢ 5 LDowoad O O OGIHb % Brder 8
. \ : S
Explore more than two petabytes . " . L 2
of open data from partiele ghysies] “ 3 / Searching for the Higgs boson in the H—yy channel e
i / \ =~ ~ Python notebook example w
l Introduction Lat's take a current ATLAS Open Data sample and creats a histogram:
o cxenion T ren R00T Lagoct. THath
import time
I \ Welcome to JupyROOT 6.18/04
The data is hosted at the CERN Open Data Portal. All datasets on the portal are At the ATLAS Open Data website we offer a wide range of material to use the
shared under a Creative Commons CCO public domain dedication; the data and open data. We offer a histogram analyser, to make analyses with visual tools;
software are assigned unique DOI identifiers to make them citable in scientific jupyter notebooks with physics analyses to find the Higgs or the Z boson; a
articles; and software is released under open source licenses. Learn how to tutorial on how to visualize datasets using Phoenix, to make event displays;
access the data. Computing resources and tips are available. instructions on how to use containers, to follow the internally used analysis

software tutorial; and much more.

Questions or comments?

* Unlessyou are very experienced this page is scary
* The Fermilab activity would fit in perfectly with this.
* Same for the Perimeter Institute Beyond the Atom Activity 4



PROJECTS
.e



Resource by project phase

Big Data: ATLAS follows the IRIS four phase structure. After teachers
introduce the project, the aim is for students to work as independently as
possible. We hope our resources help teachers maximise their time
supporting students.

If you have a question regarding the project, please email Anne O'Leary at
anneoleary@aresearchinschools.org.

Note that Chromebooks will not be able to run the python code for this
project. Users will need a PC or Mac.

Phase1 ‘ 4 Weeks

limelrame

Preparation & launch: Teachers prepare and launch the project,
using our helpful guidance documents.

Overview

Skill level Age
suitability

§ Advanced 1 6 —I_

Partners

The ATLAS detector is used by physicists to observe the results of proton-



Teacher Support

* Standing in front of a class of teenagers unsure of what you are
talking about is a very uncomfortable experience.

* There is often not enough support material for teachers in activities
* Don't overestimate what teachers know already

* Teachers, if asked, tend to nod and say it’s fine even if they aren't
sure

* Give me worked examples, clear explanations with diagrams and
answers to any question I’m going to ask the students. The time to
work them out myself might make the activity too onerous.

* More sharing between QuarkNet/CERN/Perimeter Institute etc
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