
IMPORTANT

Use the blank space in the right side to do small calculations

book. Also, as you are reading the lecture notes, you may

note down typos, mistakes if any in these notes, your doubts,

and questions that may come to your mind.

You can contribute to the Proofs programme by sending a

scanned copy, or the original, with your questions, comments,

and suggestions etc. All the contributions will be gratefully

acknowledged.
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Quiz for you
The interaction of a complex scalar boson C and two spin half fermions A,B

is given by

L
int = gψ̄

B
(x)

(

α+ iβγ5
)

ψ
A
φ

C
(x) + h.c.

Which of the following processes are allowed in the first order in the interaction?

The process may be virtual or real so ignore requirements of energy momentum

conservation.

C −→ A+B (1)

C −→ A+ B̄ (2)

C −→ Ā+B (3)

A+ C −→ B (4)

C̄ +B −→ Ā (5)

Ā+B −→ C (6)
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Question For You

Question 1

For the muon decay

µ− −→ e− + ν + ν̄

write at least two Lorentz invariant expressions of normal

product of operators which will have nonzero matrix element

for the decay process.
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Questions For You

Question 2
How do you include the interaction of a charged particle with

electromagnetic field

(a) in classical mechanics?

(b) in non relativistic Schrodinger wave mechanics?

(c) for a spin zero charged particle?

(d) for a particle obeying Dirac equation?

Question 3
What process, other than electron electron scattering, will

get contribution from the normal ordered term in (??)?
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Questions For You

Exercise 1
Use the interaction term Lint = gψ̄(x)(A + Bγ5)ψ(x) to compute

mfi and verify (??)

Question 4
Simplify ū(p1)σ

µνv(p2) p1µp2ν ; ū(p1)σ
µνqµqµv(p2); where σµν =

[γµ, γν ]
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Exercise For You

Exercise 2

Construct all possible Lorentz invariants for the matrix

element of pion nucleon scattering. The coefficients of

different terms can be functions of invariants constructed

out of momenta. How many independent Lorentz invariants can

be constructed out of momenta alone?

Exercise 3

Assuming the pion nucleon scattering matrix element to be

given by (??), find an expression for the scattering cross

section in reference reference in which the center of mass is

at rest. Express your result in terms of the center of mass

scattering angle θ, and total energy, W, in the centre of

mass frame.

Note:-

• Answers to the questions are given at the end.

• Solutions to exercises are planned to be provided

separately. But before ask for solutions, you should

give them a try and show me what all you have tried.
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Selected Answers

Quiz on page 6

[1] (1) Not allowed,

(2) Not Allowed

(3) Allowed

(4) Not Allowed

(5) Not Allowed

(6) Allowed

Answers to Questions

[1] Gψ̄e(x)ψ(ν) ψ̄νψµ(x) + h.c.

Gψ̄e(x)γ5ψ(ν) ψ̄νγ5ψµ(x) + h.c.

Many more Lorentz invariant terms can be written down.

[2] (a) Replace ~p by ~p− e ~A(~x) in free particle Hamiltonian and add eφ(~x)

(b) Replace derivative ∇ by ∇− ie ~A in the Schrodinger equation for free particle

and add eφ(x) to the Hamiltonian.

(c) Replace derivative ∇ by ∇− ie ~A in the Klein Gordon equation for free particle

and add eφ(x) to the Hamiltonian.

(d) Replace derivative ∇ by ∇ − ie ~A in the free particle Dirac equation,and add

eφ(x) to the Dirac Hamiltonian.

[3] (i) Electron positron scattering

(ii) Positron positron scattering

[4] First term simplifies to

ū(p1)[/p1, /p2]v(p2) = ū(p1)1/p2/p2 · 2p1 · p2v(p2) (1)

= (m2
− 2p1 · p2)ū(p1)v(p2) (2)

The second term simplifies to zero.
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