Conservation Laws in Particle Events

In the 1940’s, ‘50’s and ‘60’s physicists found all sorts of particles that were not covered by the periodic table. They grouped these into three main categories: baryons, mesons or leptons. Some leptons are: the electron e, the electron neutrino e, the muon and the muon neutrino . Some examples of baryons are: the proton p, the neutron n, and the deltas and +.  Some examples of mesons are: the pions +, - and ( and the kaons +, -, (. Each baryon and each lepton also has an antiparticle which has the same mass but are opposite in charge. When a particle encounters its anti-particle they annihilate and their mass is changed into energy. Conversely, particle-antiparticle pairs can be formed from pure energy. (Note: Antiparticles are usually denoted by a bar above the symbol. This activity uses a bar below because it is easier to type. The matter particle symbols are written in bold to help emphasize the distinction.)
Chemical reactions conserve energy, mass and individual atoms. In this investigation you will be exploring other conservation laws in particle physics events. These laws helped physicists to see patterns in the events and this led to the development of the standard model of physics. According to the standard model the hundreds of different particles are made from just 6 quarks, 6 leptons and their anti-particles. 
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The following table gives a set of events that do occur and a set that don’t occur.
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For questions 1 to 6 find the clearest examples for each potential conservation law. If something is conserved it will be conserved in all the reactions that do occur and there should be an example of an event that does not occur because of this. If something is not conserved, there should be an example of it not being conserved in the reactions that occur.
1) In a chemical reaction, mass is conserved. Is this true for events in particle physics?

2) In a chemical reaction, new particles are made by rearranging already existing particles. Numbers of molecules are not conserved, but the numbers of atoms are. Is the number of particles conserved in the events in the table above?

3) In an electrochemical reaction, charge is conserved. Is this true for events in particle physics? 

4) Highlight the baryons in each event. Are the numbers of baryons conserved? What if you consider antibaryons like a negative baryon number so it will cancel like charge does?

5) Highlight the mesons in each event. Are the numbers of mesons conserved? 
6) Highlight the leptons in each event. Are the numbers of leptons conserved? What if you consider antileptons like a negative lepton number so it will cancel like charge does? Is lepton type conserved?
The Quark Model

In a chemical reaction, molecules of the different types are not conserved but the specific atoms that make them up are conserved. Baryons and mesons are like molecules because they are made up of smaller parts called quarks. The number of quarks is conserved. Baryons are made of three quarks and antibaryons are made of three anti-quarks. Mesons are made of a quark and an anti-quark.

7) Use this knowledge to explain the conservation laws that were found for baryons and mesons. 

8) Why are the baryons classified as matter or anti-matter, but not the mesons?

9) All of the matter of the periodic table is made of electrons, up quarks with a charge of +2/3 and down quarks with a charge of -1/3. How do you make a proton? a neutron? a helium atom?

10) An antiproton is just like a proton, only negative. An antielectron is just like an electron, only positive. How is an antineutron different from a neutron? They are both neutral.
11) Pions are made of up and down quarks/antiquarks. What do you need to make each of the pions?
Radioactive Decay

12) There are two main types of radioactive decay: beta decay and alpha decay. Alpha is simpler to understand. The nucleus spits out an alpha particle, which is just a helium nucleus. For example, polonium-218 will emit an alpha particle and decay to lead-214. This just involves rearranging existing protons and neutrons. However, beta decay is more complicated. It involves a nucleus spitting out a beta particle (an electron) and an antineutrino. One example would be sodium-24 decaying to produce magnesium-24. The essential change in each beta decay is event 1) in the table. Event 1) also occurs when a neutron is found outside a nucleus. Free neutrons are unstable and decay with a mean lifetime of just under 15 minutes (half-life of 10 minutes). During this reaction only one of the quarks in the nucleus changes. Write the event using just quarks and leptons and highlight the quarks that don`t change.
13) Pions are created in the upper atmosphere when the extremely fast protons in cosmic rays hit atoms in the upper atmosphere. (These protons have energies over 1020 eV, which is more than ten million times more than the protons in the LHC will have.) Which event shows this process? Many of these pions decay before they hit the ground. Which event shows this and what do the pions decay into?

14) Protons and neutrons inside the nucleus exchange pions and turn into each other. This helps hold the nucleus together. Write the event that changes a neutron into a proton by showing the intermediate step with the appropriate pion.
15) The + is made of uud, just like the proton but with higher energies. It is like an atom with an electron in an excited state. However, this excited state results in a significant change in mass and so it moves differently and has an internal store of energy that can be used to create particles. Write events 5) and 6) as quark events and highlight the quarks that don`t change. 
16) There are four deltas, +o- and ++. They are made of up and down quarks. What are the recipes for each?
17) Any event that occurs can also occur if run backwards. Also, if you remove a particle from one side and replace it with its antiparticle on the other side, it will form an event that is also possible. This is much like rearranging equations in math. You can see these two rules at work if you compare reactions 1 and 9. Use these rules to show what particles would be created by a proton transforming. 

18) Use the conservation laws and the rules for rearranging events to make up two events that can happen and two events that cannot. Exchange the events with another student and see if you can figure out each other events.
