
Quantum Field Theory: A Diagrammatic
Approach to the Standard Model
Quantum field theory (QFT) is a theoretical framework that describes the
behavior of subatomic particles and forces. It is the foundation of modern
particle physics, and it has been used to explain a wide range of
phenomena, from the structure of atoms to the behavior of black holes.

In this book, we will learn how to use QFT to describe the interactions of
the fundamental particles that make up the Standard Model of particle
physics. We will start by introducing the basic concepts of QFT, such as
fields, particles, and interactions. Then, we will develop the diagrammatic
approach to QFT, which is a powerful tool for calculating the probabilities of
different physical processes.
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Finally, we will use the diagrammatic approach to study the interactions of
the fundamental particles in the Standard Model. We will learn how to
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calculate the scattering cross sections for these interactions, and we will
use these cross sections to understand the behavior of particles in particle
accelerators.

What is QFT?

QFT is a theoretical framework that describes the behavior of subatomic
particles and forces. It is based on the idea that all particles are excitations
of quantum fields. A quantum field is a mathematical object that describes
the state of a particle at every point in space and time.

The particles that we observe in nature are excitations of these fields. For
example, an electron is an excitation of the electron field, and a photon is
an excitation of the photon field.

The interactions between particles are described by interactions between
the corresponding quantum fields. For example, the electromagnetic force
is described by the interaction between the electron field and the photon
field.

The Diagrammatic Approach to QFT

The diagrammatic approach to QFT is a powerful tool for calculating the
probabilities of different physical processes. It is based on the idea that the
interactions between particles can be represented by diagrams.

In a Feynman diagram, the particles are represented by lines, and the
interactions are represented by vertices. The diagrams can be used to
calculate the probability of a particular process occurring.



For example, the diagram below shows the Feynman diagram for the
scattering of two electrons by a photon.

[Image of a Feynman diagram for the scattering of two electrons by a
photon]

The diagram shows that the two electrons interact with each other by
exchanging a photon. The probability of this process occurring can be
calculated using the diagram.

The Standard Model of Particle Physics

The Standard Model of particle physics is a theory that describes the
interactions of the fundamental particles that make up matter. It is the most
successful theory in physics, and it has been used to explain a wide range
of phenomena, from the structure of atoms to the behavior of black holes.

The Standard Model includes three generations of particles. The first
generation includes the up and down quarks, the electron, and the electron
neutrino. The second generation includes the charm and strange quarks,
the muon, and the muon neutrino. The third generation includes the top
and bottom quarks, the tau, and the tau neutrino.

The particles in the Standard Model interact with each other through four
fundamental forces: the electromagnetic force, the weak force, the strong
force, and the gravitational force. The electromagnetic force is responsible
for the interactions between charged particles, the weak force is
responsible for the interactions between particles that have a weak charge,
the strong force is responsible for the interactions between particles that



have a strong charge, and the gravitational force is responsible for the
interactions between all particles.

QFT is a powerful theoretical framework that has been used to explain a
wide range of phenomena in particle physics. The diagrammatic approach
to QFT is a powerful tool for calculating the probabilities of different
physical processes. The Standard Model of particle physics is a theory that
describes the interactions of the fundamental particles that make up matter.
It is the most successful theory in physics, and it has been used to explain
a wide range of phenomena, from the structure of atoms to the behavior of
black holes.
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