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• Me = Robert S. Orr 
• orr@physics.utoronto.ca, phone 416 978 6029, MP818A

• Office hours – Thursday afternoon 3 ‐> 5?
• TA – Randy Conklin MP920, rconklin@physics.utoronto.ca
• Prerequisits: PHY354, PHY356
• What you need from mechanics:

• Special relativity, Relativistic kinematics
• What is a Lagrangian, what is a Hamiltonian.
• Partial differential equations, matrices, linear algebra

• What you’ll need from Qumtum Mechanics:
• Dirac notation, completeness, etc
• Eigenvalue equations – Schroedinger, angular momentum
• Probability density and current
• Conserved quantities
• Commutation and compatible observables
• Angular momentum, commutators

• I’ll remind you about some of this next week



• This is first time that I have done this course for several years. 
You can find the transparencies from last year (Hiro Tanaka) at
ttps://sites.phyiscs.utoronto.ca/tanaka/phyiscs‐489‐1489‐
2017/

• I’ll build a new site as we go along. I don’t guarantee to follow 
Hiro. But his site will still be useful.

• Text book: Modern Particle Physics – Mark Thomson.
• You should read the book. There is a lot in it. I doubt if I will

cover all of it. I’ll try to tell you which parts I will omit.
• Grading:

• 4 Problem sets at 10% = 40%
• Midterm 15%
• Final 45%
• Late assignments will not be accepted after solutions 

posted
• Hand them in at class on due date, or before 17:00 in my

mail box on the 8th floor.



What is this course about?
• Learning enough of the mathematical structure of the standard 

model to allow you to do calculations  and see how they compare 
with experiment.

• I hope you will also learn enough to appreciate the beauty of this 
description that we have build up of the most fundamental layer of 
physical reality.

• To do all this on the basis of relativistic single particle wave functions, 
without having to learn a lot of quantum field theory. But, in a way 
that I believe is still correct.

• To learn what we think are the problems inherent in the standard 
model, and what the future might hold.

• To have a passing acquaintance with accelerator and detectors.
• To understand at some level how experiments are done.



• What we know about the elementary particles depends completely on 
experiment.

• If there were no experiments, Theory would be idle speculation.
• This is becoming a problem in our field – see JPH441.
• The bulk of our experimental knowledge of the elementary particles has 
come from electron and proton colliding beam accelerators. I think we 
expect this to continue. It is the only practical way to reach high energies.

• Fixed target neutrino physics is also important – essentially to understand 
how lepton basis states mix. I’ll tell you what that means later.

• There is a large effort to detect dark matter in underground non‐
accelerator experiments. So far, without result.

• First let’s define some quantities that we measure in experiments. If you 
don’t understand, we will come back to them in relativistic kinematics.

• I won’t talk about how detectors work. There is a little about it in
Thomson’s book. Read it, and ask me about it if you are interested.




































































