Colliding Particles - Episode 8: December 2011
Notes

This film focuses on the annual end-of-year presentation which is made at CERN, giving an update on progress in both LHC experiments (ATLAS and CMS). Jon describes how evidence gradually builds up in support of or in contradiction of a hypothesis. The presentation leaves the scientists enthused by their progress.
Activity 1 – no activity sheet

Audiences for science

This activity is intended to give students something specific to think about while watching the film. Ask them to think about this:

Q1  How many different types of audience can you identify in the film?

Some conventional audiences can be seen in the film, but who else is going to learn about what is going on at the LHC?

After discussing this, ask:

Q2  Why is it important for the two groups of scientists to present their findings?

Suggested answers
Q1  Audiences

	audience
	comment

	The management at CERN
	They are going to receive an annual report.

	Fellow scientists working on one of the experiments (ALICE or CMS).
	They listen to the report.

	Competing scientists working on the other experiment.
	Jon (ATLAS) is interested to see the results from CMS.

	Other scientists around the world
	They will read the reports from CERN.

	The media from around the world


	At the press conference, the spokespeople are reluctant to commit themselves on the existence of the Higgs boson.

	The public
	We see scientists being interviewed for TV and the press.


Q2  Reasons for scientists to present their findings

The annual review is presented to the board of CERN, the organisation which funds the LHC. It represents the many countries that contribute funding and they must be satisfied that work is making progress. they may also be concerned with getting value for money. (Of course, there are many other mechanisms for monitoring the project throughout the year.)

The two experiments, ATLAS and CMS, each stand alone and could independently discover the Higgs particle. They are competing but, at the same time, they are providing a check on each other’s findings. It is important that they understand and comment on each other’s findings.

The scientists must present their findings to the wider scientific community. then they will be open to appraisal by other experts, and people may be given further ideas for testing the Higgs hypothesis.

There is general interest in the findings among many members of the public. The press will interpret the findings in different ways. And it is taxpayers’ money that pays for the LHC.

Activity 2

How many times? The hunt for data
This activity is a simulation of the hunt for patterns in data. At the LHC, scientists have collected data from vast numbers of particle collisions. They have analysed it, eventually teasing out the existence of a particle whose mass is close to that predicted for the Higgs boson.
At the start of the film, Jon Butterworth uses the analogy of rolling a dice. Is the dice fair? You may have to roll it many times to show that, for example, the number 6 comes up more than one time in 6 on average; in other words, that the dice has a bias.

In the same way, scientists at the LHC have to look at millions of proton-proton collisions to see if one value of energy is more frequently observed. This energy may correspond to the mass of the Higgs boson.

You will need to supply students with unfair dice (see below). They should roll the dice many times and record the value each time.

They should devise their own scoring system, and their own way of deciding when they are sure about the bias of the dice.

Students cannot be expected to know an appropriate statistical test for this (although some may have ideas from their maths studies). The point is to appreciate that the answer will only emerge slowly from lots of data. It will take longer for some unfair dice than for others.

Making an unfair dice

Start with a cardboard or plastic cube. This could be a small box, or you could make one from a sheet of card or plastic. Try to ensure that the material is of uniform thickness.
Inside, where it cannot be seen, add something to give the cube a bias. You could stick a coin at the centre of one face, or a lump of modelling clay or a ball bearing in one corner.

Label the faces. On a conventional dice, 1 and 6, 2 and 5, and 3 and 4 are on opposite faces.

An alternative is to use a child’s foam brick. Use a sharp knife to cut a slot into which you can slide a coin.

You may be able to make different dice with different degrees of bias so that some groups will discover the bias more quickly than others.

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

Jon Butterworth, experimental physicist, University College London

Other scientists from the ALICE and CMS collaborations.
	0:00
	December 2011
	Jon compares the LHC experiments with rolling a dice to see if it is fair.

	0:30
	Annual report
	The annual report to CERN is coming up. Various scientists describe what is being discovered.

	1:15
	Two experiments
	Jon explains that the report will be given by spokespeople for the two experiments, ATLAS and CMS.

	1:50
	Presentation
	Jon watches the CMS presentation and wonders whether the two experiments will be consistent with each other.

	2:40
	Q+A
	Questions to the presenters from the media

	3:10
	Summing up
	Jon sums up – there has been great progress during the year since the last report – everyone’s getting excited.

	4:25
	END
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