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Motivation 
 
This course complements the courses on 

• Standard Model 

• CP Violation 
 
The mathematical backbone of the course is provided by Group Theory. 
The benefits of Group Theory are in understanding: 

• The structure and properties of hadrons and their interaction … this is 
mainly historical, although useful background. 

• Sets of Transformations, in particular those associated with internal quantum numbers. This 
underpins Gauge Theory. 

• Symmetries associated with the Transformations, such as those associated with C, P & T.  

• The structure of the Standard Model Lagrangian and in particular the tensor nature of the 
particle fields (i.e. whether they are singlets, doublets, etc.) and their couplings. 

• Possible extensions beyond the SM and the particle content of GUTs. 
 
Group Theory provides the language for describing relationships and transformations. 
 
Some of the material in the lectures is “historical”. This is important for our broader understanding and 
for insight into newer theoretical ideas. 
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Introduction 
 
Symmetries & Conservation Laws are found in Classical Mechanics – provides a taster of what 
follows in Quantum Mechanics. 
Historically certain formulations of CM provide a framework for QM. 
Symmetries are properties of systems under Transformations, and these can be obtained from 
Generators. The Generators are very useful for what follows. 
In QM, Transformations can be associated with Quantum Numbers. 
 
Groups are mathematical structures which are useful for describing sets of Transformations. 
There are several key Groups which characterise the Forces of the Standard Model. 
The most useful groups are associated with Unitary Transformations. 
We will be less interested in the Groups and the Transformations themselves, but rather the 
Generators and Representations – the combinations of Quantum Numbers which are invariant under 
the Transformations. The Representations allow useful classifications of Forces and Particles. 
 
The important groups for the Standard Model are: 

• U(1) – QED, and also Baryon Conservation 

• SU(2) – Electroweak Symmetry, and also Spin 

• SU(3) – QCD, and also Hadron States 
 
The Classification of Hadron States is mostly historical but can also provide some insight Beyond the 
Standard Model. 
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Our Approach 
 
We will focus on ideas rather than developing formalism. 
The course will draw on concepts and results from Group Theory. 
There is a lot of mathematics behind what we need to know and it is not worthwhile us learning all of 
this – instead, I will seek to make things seem plausible and will try to make as much connection as 
possible with concrete examples. 
 
In what follows, we will use a classical approach to QM, rather than QFT. 
 
At times we will appear to get “something for nothing”. In reality: 
 

 

Experimental 
Observations 

 
Theory 

New 
(extended) 

Theory 

Test 
Experimental 
Predictions 

Good Ideas 
(Maths) 
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The Course 
 
Contents: 

• Symmetries & Conservation Laws – in Classical and Quantum Mechanics  

• Groups 

• SU(2) 

• SU(3) 

• Hadron States 

• SM and Beyond 

• Examples 
 
Messages: 

• Conserved quantities arise from Symmetries. 

• Group Theory provides the language for understanding how particles combine and the 
structure of the Standard Model. 

• We gain valuable insight, facilitating the classification of particles and the evaluation of their 
interactions 

 
 
To provide more time in the lectures, we will not go through material marked in light blue, however I 
do expect you to read this and be familiar with it. 
I will write yellow derivations on the board and everyone will help with green derivations. 

 
5 min break in middle iff we can start on time at 10.00 prompt. 
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Health Warning 
 
This course is quite difficult: 

• Quantum Mechanics is intrinsically difficult: it is unnatural (to humans) and ultimately, like any 
theories, based on assumptions which appear to describe experimental observations.  

• There is no perfect book for what we want. 

• There is a huge amount of background maths, and it is not appropriate or necessary for us to 
understand this. 

• Consequently, our coverage will often seem superficial and many assertions will be unproven. 
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Homework 
 
The Homework provides examples for you to practise – it is for your benefit, not mine ☺. It is intended 
to make you think. The questions are more mathematical and better worked through outside the class. 
 
There are 5 sheets – you should allow 1-2 hours for each. 
 
Some of the questions may have answers in my book. Please only consult the answers as a last 
resort. If you use my book, or get help, please indicate in your homework 
 
“Exercises” are optional, for proofs which should be familiar from undergraduate courses or are 
straightforward … but I don’t want to write it out ! 
 

Exam 
 
There will be 1.5 hour long Exam Question on this course in January.  
It is often closely coupled to the Homework ! 
 

Help 
 
If you have questions or unhapinesses about the Lectures or the Homework 
(however trivial they may seem), do not hesitate to contact me at: 
 

Stephen.Haywood@stfc.ac.uk 
Tel 01235 446761 


