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Abstract. This is an introduction to Weingarten calculus and its applications. We
first discuss the various groups of matrices, discrete or continuous, with general theory,
examples, and the Weingarten integration formula for them. Armed with this new cal-
culus, we then discuss some basic applications, notably to questions regarding random
matrices, and other basic objects from probability. In view of some further, sharper
applications, we then fine-tune our calculus, with a number of fine estimates for the
Weingarten functions, using more advanced mathematics, that we explain. Finally, we
discuss a number of generalizations, quite often in relation with theoretical physics.



Preface

This is an introduction to Weingarten calculus and its applications. We first discuss
the various groups of matrices, discrete or continuous, with general theory, examples, and
the Weingarten integration formula for them. Armed with this new calculus, we then
discuss some basic applications, notably to questions regarding random matrices, and
other basic objects from probability. In view of some further, sharper applications, we
then fine-tune our calculus, with a number of fine estimates for the Weingarten functions,
using more advanced mathematics, that we explain. Finally, we discuss a number of
generalizations, quite often in relation with theoretical physics.
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Part I

Weingarten calculus



Questions are a burden
And answers are a prison for oneself

Shellshock in the kitchen
Tables start to burn
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1a.

1b.

1c.

1d.

1e. Exercises

Exercises:

Exercise 1.1.

Exercise 1.2.

Exercise 1.3.

Exercise 1.4.

Exercise 1.5.

Exercise 1.6.

Exercise 1.7.

Exercise 1.8.

Bonus exercise.
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Exercise 4.8.
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Part II

Basic applications



High and mighty, alone we are kings
Whirlwinds of fire we ride

Providence brought us the crown and the ring
Covered with blood and our pride
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Exercise 8.7.

Exercise 8.8.

Bonus exercise.
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Part III

Fine estimates



Coils of the serpent unwind
Buried beneath, you will find

Deep in the halls of the damned
Spirit in black till the end
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Part IV

Generalizations



Envy, still strong, hatred, still alive
From beyond an empty world
Infected voice, a scream alone

Infected voice
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Congratulations for having read this book, and no exercises for this final chapter.
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