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Goals of Physics 225

In Physics 225, I hope to present particle physics in a way that integrates a careful theoretical analysis with an intuitive, back-of-the-envelope approach. I will use two texts, Quarks and Leptons, by Francis Halzen and Alan Martin, and The Experimental Foundations of Particle Physics, by Gerson Goldhaber and Robert Cahn. The first book is mostly about how to calculate particle processes in detail; the second discusses how to observe and measure them. I think that this combined viewpoint will help show that the remarkable things you can predict on paper actually do happen in the real world. Now and then there are disagreements between theory and experiment, some of which represent major discoveries. Others are spectacular blunders made in pursuit of the Nobel Prize. One of my goals is to show how to question and criticize experiments. 

I plan to cover many of the elements of the Standard Model, which is the current theory of particle interactions, encompassing strong, weak, and electromagnetic processes. The phenomena of interest can be understood in terms of quarks, leptons, gauge bosons, and Higgs bosons. In terms of chapters, I expect to cover Halzen and Martin chapters 1--6 and parts of 7 and 8 in Ph 225a and chapters 12-15 and parts of chapter 9 in Ph 225b. However, I will cover certain subjects in much more detail than in the book, and I will give you several handouts during the quarter. 

We will always keep an eye on the weaknesses and limitations of the Standard Model, which are the subjects of current and future research in particle physics. There will also be short excursions into aspects of detectors, accelerators, data analysis, and the lessons that can be learned from the great successes and failures of our field. 

On Learning Particle Physics
Particle physics is an enormous subject, and in spite of its remarkable coherence, it is quite difficult to learn. Like quantum mechanics, it requires at least "two coats of paint" for many people. One aspect that some students aren't used to is that it is extremely useful to remember the results (qualitatively) of the calculations that we do. This is different from many classes, where you do problems to make sure you understand certain concepts, but the actual results might not be all that significant. Getting in the habit of remembering results helps you think on your feet, which is important not only for you oral candidacy exam, but also for real life! I want to strongly encourage questions in class--they make things much livelier for all of us.

Finally, let me repeat a sentiment of a physicist I know. She said that doing particle physics is like climbing a mountain: the journey up can be a struggle, but the view from the top is worth it

Grades, homework, tests, and all that stuff

· Homework will be assigned on Wednesdays and is due in class on the following Wednesday. Late HW will be accepted on the following Monday with a 30% reduction in score.  
· Grading policy:
1. Homework: 50%
2. Final exam: 50%
· Graduate Teaching Assistant: Dean Welch (in PLC Mon, 8:30-10:30).

· Textbooks: Quarks and Leptons: An Introductory Course in Modern Particle Physics, by F. Halzen and A. Martin (Wiley); The Experimental Foundations of Particle Physics, by Robert N. Cahn and Gerson Goldhaber (Cambridge U. Press).
· Class time: Mon and Weds, 1:30 to 2:45 PM
· Class location: Broida 5014
· Office hours: Monday 3:15-4:15 PM and Weds 11:00 AM-noon. 
Ph 225a Lectures
	Class
	Topics

	1
	What is particle physics? Particles and forces. Orders of magnitude and handwaving arguments.

	2
	Orders of magnitude in atomic and nuclear physics.

	3
	Decays and symmetries (I)

	4
	Decays and symmetries (II)

	5
	Decay angular distributions. Groups and representations. Start Lie groups.

	6
	SU(n)

	7
	Group representations and hadrons (I)

	8
	Group representations and hadrons (II)

	9
	Group representations and hadrons (III)

	10
	Group representations and hadrons (IV)

	11
	Group representations and hadrons (V)

	12
	Conclusions on hadrons, summary so far, start QED

	13
	Relativistic wave equations (I)

	14
	Relativistic wave equations (II)

	15
	Interactions in perturbation theory (I)

	16
	Perturbation theory (II)

	17
	QED processes (I)

	18
	QED processes (II)

	19
	QED processes (III)

	20
	QED processes (IV), Appendices: two body phase space; kinematics

	21
	Final exam solutions


Ph 225b Lectures

	Class
	Topics

	1
	QED review

	2
	Experimental setups, cross section, luminosity, Bhabha scattering, electromagnetic showers, EM and hadronic calorimeters

	3
	More on showers, radiation length and interaction length, other detector components, Bremsstrahlung

	4
	Positronium decay

	5
	Electron-hadron scattering: introduction 

	6
	Electron-proton scattering

	7
	Electron-proton deep inelastic scattering

	8
	The parton model

	9
	Weak interactions: introduction 

	10
	Muon decay

	10a
	Appendix: Covariant spin projection operators, T invariance, CPT

	10b
	Example problems and 2- and 3-body phase space

	10c
	Weyl representation

	10d
	Example problems in weak decays

	11
	Polarized muon decay

	12
	C, P, CP in muon decay, charge pion decay, neutrino interactions

	13
	Difficulties with weak interaction phenomenology

	13a
	Appendix on neutrino scattering

	14
	Neutrino oscillations

	15
	The CKM matrix

	16
	Constructing the Standard Model (I)

	17
	Constructing the Standard Model (II)

	18
	Constructing the Standard Model (III)

	19
	Constructing the Standard Model (IV)

	20
	Final exam solutions
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