The teacher’s pack of the bubble chamber,BC

Previous physics knowledge of the students
- Structure of hydrogen atom and ionization.

- Electromagnetic interactions between charged particles.
- Conservation laws: charge, momentum, energy.
Goals with this teachingpack
Qualitative analysis of how particles are created, electrons are scattered and made visible in the bubble chamber. How particles can be recognized by making different visible trails. So ii is important to know how the bubble chamber works and what are the underlying physics principles?
General Introduction BC
1 The bubble chamber
The bubble chamber consists of a tank of unstable transparent liquid - often superheated hydrogen, which provides a source of proton targets. The chamber is surrounded by magnets.
Then a parallel beam of known, charged particles, with high energy gained in an accelerator, is shot into the bubble chamber.

The bubble chamber is both target and detector: the protons are the target studied; the electrons `detect' the passage of charged particles - via the Coulomb interaction which ionizes the atoms. So neutral particles do NOT leave trails of bubbles. (we can sometimes detect them if they decay into charged particles)
Which interactions are of interests to physicists? 
The interest is the particles that come out of  collisions between the beam and the protons in the hydrogen liquid.
Three possible things a beam can do
1. Ionize hydrogen atoms. The energy of the electrons from the ionized atoms initiates boiling locally in the liquid, creating a trail of tiny bubbles along the path of the particle causing the ionization. These bubbles are allowed to grow until they are about a millimetre across, and then photographed to give a permanent record. 

2. Produce knock-on electrons (also known as delta ray ): the particle creating a trail of bubbles by ionization may, by chance, give an electron enough energy for it (the electron itself) to travel a measurable distance, making its own trail of bubbles; such trails produced by electrons are usually easy to recognise because the tracks spiral (due to a process known as bremsstrahlung). Electrons spiral because they are much lighter than all other charged particles and lose energy quickly by bremsstrahlung. ( find more information in the glossary of the BC website)
3. Interact with a proton and producing a set of tracks that are studied to give information about the strong nuclear force. Those are the interactions of interests to physicists
Visualisation of those three possible things
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Here we see four charged beam tracks entering the bubble chamber. At the left bottom we see a track curling to the right, made by an electron. Of the four incoming beam tracks only the leftmost  interacted with a proton in a hydrogen atom; this is because the track didn’t remain parallel all the way through the picture. At this interaction point a positive particle curves in the opposite way of the electron
2 The photos

A bubble chamber photo is a real and permanent record of the particle’s path.

Hold the photo this way up; then you can read some informationabout the experiment.



	Framenumber                           

View number                      
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Date of experiment
	Fiducial crosses – their position, accurately surveyed,  

needed for reconstructing the event-
Rollnumber

Type of incoming particles (K- ) 

                                        Energy of the incoming beam (4,2GeV)



3 How to read a BC-photo/ picture

What can we tell about a BC picture? The description here is the central thing.

How many lines are on the picture?   How would you describe the lines, do they travel straight through? Which lines are more interesting? What happens along that line?.....         Some signatures of the decay that can occur - enabling us to identify certain particles - are drawned in the following sketches
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	This a two step decay: π ±   → μ± → e±
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	This is the decay of a neutral particle; e.g. K 0   → π+  π-; it is called a ‘vee’
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	This is the decay of charged particle into another charged particle and a neutral particle; e.g. K +   → μ +  νμ ; it is called a ‘kink’


See wellprepared lessons; website  …………………
How can we read a BC picture? 
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	· Look at the bottom to find the incoming, PARALLEL tracks (blue) of negative particles.

· Find the little curly tracks (red), produced by electrons which are knocked out of the atoms by the incoming beam.

· Now find out which way the magnetic field is pointing.

· Look for any track that does NOT continue parallel throughout the picture, it must have collided with a proton. 

· Study the curvature of the tracks: the tracks curving in the same directions as the electrons must be negative and those with the opposite curvature must be the positive particles.




Now we can find out more information about the particles by using the conservation laws of charge, momentum and energy

· From charge conservation - one of the most important rules of particle physics - there must be an equal number of positive and negative particles after collision of negative particles with the protons. (The possibility of neutral particles being produced will be discussed in the next section.). So check this charge conservation for our collision.

· Momentum conservation. But first how can we estimate the relative momentum of particle tracks in a picture. Some explanation:

Force exerted on particle by B field = centripetal force
qvB = mv2/r
qB = mv/r
qB = p/r or r = p/qB
Conclusion: p is proportional to r

So clearly, as p increases, r increases and we can easily see the relative momentum of particles in the picture. The more curved the track is, the lower its momentum.( sometimes this may not be true because we cannot, on one view, see three dimensions)
· From energy conservation: in collisions between high energy particles one rarely ends up with the same particles in the final state because some of the energy is used to create new particles. This is an example of E = mc2 (a particle of mass m is thought of as a concentration of energy mc2). Note that the darker the path is the higher the speed of the particle is.
We try this on a simple BC picture
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	· There are four incoming beam tracks
· The electrons are curling to the left

· So the magnetic field is pointing out the paper

· At the interaction point there are three outcoming particles: a negative, a positive and a neutral one.
· Upstream this track the neutral particle decays in a two particles: a negative and a positive one.
· Check all the conservation laws


See wellprepared lessons; website  …………………
4 The website

Here you will find an introduction, a very didactical tutorial on how to read, step by step, bubble chamber pictures. There is also a gallery of BC pictures with some explanation and the very usefull teaching material with several lesson plans. 
