Lesson 3: Kinks. (Sudden changes in curvature)

Introduction to the teacher:

This lesson begins with a photo of a bubble chamber interaction. The picture shows a collision followed by the decay of one of the collision products. Students will start by simply describing what they see in the photo, beginning with the now familiar collision interaction. The students will then concentrate on the decay (the kink). By using conservation of charge and conservation of momentum, students will be able to infer the most basic facts about kinks. 

The interaction:
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Prior knowledge required for this lesson:

Knowledge of conservation laws (energy, charge, momentum) and a basic knowledge of bubble chamber pictures equivalent to that acquired in lessons 1 and 2.

Objectives:
 

Students will understand the following:


The characteristics of the two main forms of interaction, collisions and decays.


Application of conservation laws to analyze particle interactions.


Why neutral particles don’t leave visible tracks in a bubble chamber picture.

Students will be able to do the following:

Use photos of particle tracks from bubble chamber experiments to identify simple collisions and decays.

Apply conservation of charge quantitatively and conservation of momentum qualitatively to particle interactions.

Suggested lesson introduction:

Students see a projection or drawing of the photo showing a collision and a kink.

Teaching strategy:

1. Looking at the picture.

Ask students to describe what they see. What story does the picture tell?

Is there anything familiar in the picture, anything new?

What do the students remember about collisions from the last lesson? (Especially about charge conservation)

2. Possible discussion points:

What about the kinking track in the picture? Is that a collision?

Students may infer that it is not a collision, since charge is not conserved if it were a collision.

If it is not a collision, what else can it be?

Ask students if they know the concept of ‘decay’ from some field of physics.

Students should be able to come up with radioactive decay as an example.    (Possibly one could bring in de-excitation of an atom as a more advanced example). One should also ask about the term ‘lifetime’.

3. Conclusion I:

So we have another kind of interaction in addition to collisions. These are called ‘kinks’. ‘Kinks’ are examples of decay interactions. In bubble chamber pictures a kink indicates the decay of a charged particle. This means that many of the particles involved in bubble chamber pictures have limited lifetimes. We can identify ‘kinks’ by the characteristic sudden change in curvature of the beam track. The change can be more or less pronounced depending on which particles are involved.

4. Further discussion points:

What about other conservation laws that we know of. Are they fulfilled?

Students should be able to see from the picture that momentum seems not to be conserved, and give an indication of the size and direction of the missing momentum.  

It would also be possible to say something qualitatively about the masses of the particles.

5. Conclusion II:

Neutral particles don’t leave any visible tracks in a bubble chamber. (Because of the Coulomb force)

Sample exercises:

1. Try to identify more interactions in this new picture (LINK). Decide whether they are collisions or kinks. 

2. Check that charge is conserved.

3. Draw the approximate momentum vectors in each case.

4. Look up the lifetimes of different particles in a physics table. 

5. Why don’t neutral particles leave any visible tracks in a bubble chamber? 

