Bubble Chamber Lesson 2

Teacher Introduction:  This lesson continues the analysis of Lesson 1, introducing the students to how conservation of energy, momentum and charge can be used to analyze bubble chamber reactions, and the physics of the bubble chamber.

Objectives:

Students explain the process by which moving charged particles create tracks in bubble chambers.

Students explain how conservation of energy, momentum and charge can be used to analyze collision interactions.

Students use conservation laws to determine the allowed charge and energy of particles in interactions. 

Students draw qualitative conclusions about interactions using conservation of momentum.

Students relate qualitative observations of the radius of curvature of particle tracks to the relative momentum of particles.

Students draw conclusions about the charge of particles in bubble chamber interactions from their observations.  

Students determine the direction of magnetic field from their observations.

Introduction:

Begins with the same photo from lesson 1.  

Recap:  What able to determine about what these trails showed?  Also, list the physics concepts that were used.

Note that using some basic physics principles in a very qualitative manner – we were able to determine a number of characteristics of each collision, the fate of each beam of electrons, number of interactions, the charges and relative masses of each particle involved.

Today we will learn more about what occurs as the kaon beam passes though the bubble chamber, and we will expand the physics tools we have available to analyze the interaction.

Teaching strategy:

Conservation in the bubble chamber – so far students have discussed that energy, momentum and charge are conserved.  
We will look at how each of these conservation laws apply to our bubble chamber interaction.

1. Energy – where does the energy for creating the tracks come from?  Students may note that if each beam comes in with an energy of 4.2 GeV  (Note that actual beam was p = 4.2 GeV/c, finding E2 = p2c2 + m2c4 yields E = 4.22 GeV with m = .494 MeV/c2)

Where does energy go?

Students will note that energy is transferred to electron and proton in the interactions.

Someone may be bright enough to conclude that creating the bubble trails will also use energy from the beam.

Useful now to discuss how bubble trail is created:

· the beam passing near electron cloud exerts a Coulomb force;

· energy of 13.6 eV is needed to eject an electron from a hydrogen atom (ionization);

· 13.6 eV is not nearly enough energy to create the electon trail we see in the photo, that trail requires a very close interaction and a transfer of energy from the beam particle on the order of MeV’s;

· even this small amounts of energy is enough to cause the superheated hydrogen to boil – tiny bubbles are created along the path of any charged particle;

· these bubbles grow, and when they reach a size of about 1mm in diameter, a flash photo is taken;.

· a highly relativistic particle such as out beam particle loses about 0.25 MeV/cm as it travels though the beam chamber. 


Looking at out two collisions – what can you conclude about the transfer of energy in these interactions?  

Ans:  Difficult to conclude much except that the beam appears to continue on through the liquid without much change except in direction.  Also note that it does not take much for a kaon to knock out an electron (mk = 1000 me) and since the p does not travel far that indicates not too much K.E. was transferred.  

2. Momentum

Ask where they see changes in momentum take place.   Student should conclude that it is anywhere there is a change in velocity of any particle (and we hope that they do not need to be reminded that changes in direction count).

Beam initially has p of 4.2 GeV/c, p’s and e’s have a momentum of 0.

Total p is conserved in collision with electron – what can we say about the momentum transferred to the electron?  Very little is transferred – evident because path of the electron does not change perceptibly.  This makes sense because the mass of the electron is so small compared to K.

How about collision with the proton?  

Note that there is clearly some change in p of the beam, and p imparted to the proton is significant.  Results agree with energy analysis.

3. Relating path and momentum

How could we relate the path to the relative momentum of the particles?  Do you think that more curve indicated a higher or lower momentum?

Students may infer that the path of a high momentum particle will not change as quickly as the path of a low momentum particle.  This can be shown analytically

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.

4. Conservation of charge

Students state that conservation of charge means that the total, net charge of the particles in must equal the total, net charge of particles out.

What is the total net charge of the particles in the interaction between the particle beam and the electron?  We hope the students say –2e and that charge is conserved since the particles out total –2e.

What is the total net charge of the particles in the interaction between the particle beam and the proton?  (zero)

Show that charge is conserved.

Wrap up

Now we can tell the story of the bubble chamber picture in terms of conservation of energy and momentum – the stories are entirely consistent.  These conservation laws, along with conservation of charge, impose limits on the kinds of interactions that can take place and provide tools for qualitative analysis of fairly complex interactions.  These are also the tools that physicists use to calculate the properties of unknown particles in these interactions.

Sample Exercises and Assessment

1. Tell the story of the picture in terms of conservation of energy as the beam passes through the tank.  Explain how this is consistent with the story told using conservation of momentum.

2. A kaon beam travelling at relativistic speeds through a bubble chamber loses energy at about 0.25 MeV/cm.  

a. How many hydrogen atoms is it ionizing each cm?

b. Estimate the proportion of atoms ionized in each cm.

3. A K– beam with energy of 4.1 GeV strikes an unknown particle.  Immediately after the collision, the energy of the K– is determined to be 3.2 GeV.  What is the maximum, kinetic energy of the unknown particle immediately after the collision? (What can you infer about the relative mass of the particle?  Is it more like an electron or a kaon?)

4. State the total net charge in each case:

a. A proton beam interacts with a proton

b. An electron beam interacts with a K+
c. An electron beam interacts with an electron

5. Draw the following bubble chamber interaction – assume that the direction of the B field is out of the page.  Two 8.8 GeV proton beams enter a bubble chamber.  One hits an electron and continues on; the other hits a proton and continues on.  Explain what your drawing indicates about the transfer of energy and momentum at each collision.

Class Exercise:


If our beam travels 1 m before striking a proton – what is the maximum energy that could be transferred to a proton?  Assume that the rest mass in negligible. (Ans: 4.2 Gev – 0.025 GeV = 4.175 GeV  so a very small portion of the beam’s energy is used up in the creation of bubbles – this is good)





What would such an interaction look like?











