Colliding Particles

Episode 1: Codename Eurostar – Teacher’s notes

This is the first in a series of films looking at the work of a team of particle physicists involved with the Large Hadron Collider (LHC) and the hunt for the Higgs particle.

How science works (HSW)

These films have been made to illustrate aspects of the way in which science develops. They show scientists discussing their work, how they collaborate and compete, and the relationship between experiment and theory in science.

Although the idea of the Standard Model of particle physics and the existence of the Higgs particle are unlikely to be part of the formal curriculum for most students, these films can still be used when you wish to discuss aspects of HSW. Because the scientists are describing an on-going process of discovery, the films have a natural ‘story’ thread running through them.

When to use this film

· Atomic structure and sub-atomic particles

Most students learn something about the nuclear model of the atom; they may also learn about Rutherford’s alpha-particle scattering experiment which confirmed the nuclear model. Since then, scattering experiments have confirmed the existence of protons and neutrons in the nucleus, and of the quarks which make up protons and neutrons (hadrons). The LHC can be thought of as the next step in this process of discovery.

· Theory and experiment

This film shows clearly the way in which theory and observation interact in science. Observations require explanatory theories; the theories must be tested by using them to make testable predictions. You could use this as a model and ask students how this has worked in other areas of science (e.g. evolutionary theory in biology, plate tectonics in geology).
· In the news

The LHC is not a single experiment; rather, it is a giant scientific instrument with many possibilities for experimentation. Announcements of new findings will appear in the media, and these films can be used to help students understand what they have seen.

· Before a visit by a scientist
Invite a scientist to come and talk about their work. (It doesn’t have to be related to the LHC.) Because students are often unclear about how scientists work, some advance preparation is needed. Show the film as a stimulus and ask students to devise a series of questions that could be put to the scientist, or a series of headings under which they could make notes.

· Careers in science
The film can be used to show the different roles played by members of a scientific research team. In particular, Adam (the postgraduate research student) can be used as an example of someone who is moving from being taught science to ‘doing science’.

Showing the film

The film is available in 2 versions from the website:  the original version, and a special ‘Classroom Edit’, which break the films into themed sections with spaces in between for easy pausing.

The original version of the film can be shown straight through and uninterrupted. This will allow students to start recognising the different personalities involved.

Subsequently, the ‘Classroom edit’ can be shown in sections (see Summary below), with a discussion of the main points arising after each section.
Classroom Edit Summary

Gavin Salam, theoretical physicist, University of Paris

Jon Butterworth, experimental physicist, University College London

Adam Davidson, research student, University College London

	0:00
	Curiosity
	Gavin talks about the fundamental curiosity that drives scientific inquiry.

atoms ( protons/neutrons/electrons ( quarks ( what else?

	1:00
	Collaboration
	Jon, Adam and Gavin describe the ‘Eurostar’ collaborative project.

	1:40
	The Standard Model
	Jon and Adam explain the Standard Model - animation.

Gavin describes how we can picture the Higgs field and particle.

	3:10
	Roles
	Adam explains the roles of Gavin (theorist), Jon (experimentalist), Adam (research student).

	4:30
	Hunting the Higgs
	Jon and Gavin explain their role in the hunt for the Higgs.

	5:40
	Ideas and experiments
	Animation of LHC

Jon describes the interplay between observation, experiment and theory in science.

Jon explains why such a big experiment is needed.

	7:40
	The end of the story?
	Adam, Jon and Gavin discuss what may come out of the LHC experiments. 

	9:00
	END
	


Linking the film and the Powerpoint presentation
The presentation is designed to be shown after the film. It tells the same story (with the same characters) in a slightly different way, bringing out the main teaching points.

You could choose to focus on one or more of the following:

· How scientists collaborate and how they compete

· How scientists make their work known to others

· How people progress to become scientists

· The relationship between experiment and theory

· Human curiosity as a driving force in science

Future films and presentations
These will give more information about:

· Publication and peer review

· The LHC as a scientific tool

· Discoveries at the LHC

· The experience of being a research scientist

