
Uncovering Quantum Field Theory
and the Standard Model

From Fundamental Concepts to Dynamical Mechanisms

with Uwe-Jens Wiese, University of Bern, Switzerland

First textbook about particles and fields with an author working in
Mexico (second in Latin America)

[H. Nastase (Romanian in São Paulo): “Introduction to QFT”, 2019]

Respect for the Standard Model: Most precise scientific theory!

Origin: Lecture notes by Uwe-Jens from Aachen, 1992

Start for me in Berlin: visit by Uwe-Jens in September 2003, walk near the
Brandenburg Gate, agreement to convert it into a joint textbook project.
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Uwe-Jens Wiese in his office in Bern
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Sporadic progress during > 10 years, in 2009 I moved to Mexico

Sabbatical semester in Bern, 2016/7 (bad luck: stolen laptop).

Book proposal sent to Cambridge University Press,

5 chapters and one appendix. Approved by 6 referees.

Contract: Maximum of 600 pages, deadline: July 1, 2028.

Another sabbatical semester in Bern, summer 2018

Progress, but distraction with new research projects,

termination still behind the horizon.

More theory and concepts than phenomenology

Focus on non-perturbative perspective 6= previous literature
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Discussion about fermion generations (Chapter 17).

Upon request, we included gauge fixing, but not SUSY.
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Pandemics:

Frequent video calls

Uwe-Jens: Intense work, e.g. on canonical fermion fields.

Helpful comments on specific chapters by Oliver Bär, Debasish Banerjee,
Detlev Buchholz, Wilfried Buchmüller, Klaus Fredenhagen, Urs Gerber,

Carlo Giunti, Kieran Holland, Gurtej Kanwar, Martin Lüscher, Alessandro
Mariani, Colin Morningstar, Mike Peardon, Michele Pepe, João Pinto Barros,
Lilian Prado, Simona Procacci, Christopher Smith, Rainer Sommer, Youssef
Tammam, Christiane Tretter, Christof Wetterich, Edward Witten.
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Early version: conceptual introduction of 14 pages. Martin Lüscher:
reader who does not know e.g. gauge theory gets lost very soon. We only
assume previous knowledge of Quantum Mechanics and Special Relativity.

New structure: Ouverture, Intermezzo, Finale

26 Chapters is 4 Parts: Link to “Le quattro stagioni” by Antonio
Vivaldi [QFT, SM, Strong Interaction, Beyond SM]. ∼ 3 semesters

Finally submitted in December 2022, “takes on average 9 months”, hope
for it to be faster, since we used the Cambridge style file throughout.

No way: summer 2023: edited pdf with O(104) modifications (lots
of commas, some errors, a few corrections: “Klein-Gordon” vs. “Clebsch-
Gordan”), convergence after some cycles of revision.

We thank Sunantha Ramamoorthy, competent and cooperative, but she
could not avoid a strange last-minute change of fonts (exponents, indices
etc. displaced). Reduction from 772 to 732 pages.
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Cover page: chalk drawing of β- and π0-decay, by Nadiia Vlasii
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Ranking of the most frequent names in the authors index:

10 entries: Callen, Lüscher, ’t Hooft, Wilczek

9 entries: Weinberg

7 entries: Einstein, Feynman, Wilson
(Referee: “Wilson could have written such a book, but . . . ”)

6 entries: Gross, Leutwyler, Witten

5 entries: Hasenfratz, Pauli, Schwinger

4 entries: Bogoliubov, Coleman, Dashen, Dirac, Gasser, Gell-Mann,
Glashow, Niedermayer, Politzer, Polyakov, Symanzik,
Wess, Yang, Zimmermann, Zinn-Justin, Zumino
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Meißner-Rusetsky problem:

U.-G. Meißner, A. Rusetsky, “Effective Field Theories”, Cambridge University Press, 2022.

Christian Schubert: Must be related to Fermat’s Last Theorem.
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Confusion about the endorsers, at last 5 very positive statements

Recommendations by Edward Witten (Princeton), William Detmold (MIT),
Wilfried Buchmüller (DESY), Poul Damgaard (Niels Bohr Inst.), Tereza
Mendes (U. São Paulo)
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A gluon string could hold a mass of 20,000 kg, like a steel cable with a
diameter of some cm, but ∼ 1013 times thinner.
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2024: announced by Cambridge University Press for January, then
February . . . inductive until June.

Summer 2024: editorial paralyzed by a cyber attack.
Sad news: Sunantha died, substituted by Shanthy Jaganathan.

Promised for November, then December, finally published on January 2,
2025.

Happy ending, once in a lifetime event!

Last chapter about Grand Unified Theories (GUT):

Ende GUT, alles gut!

Up to now (in < 5 months) 638 times sold

Internet: 〈 selling of acad. books 〉 ≈ 500 . . . 1000
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Part I: QUANTUM FIELD THEORY

Ouverture: Concepts of Quantum Field Theory

Point Particles versus Fields at the Classical Level
Particles versus Waves in Quantum Theory
Classical and Quantum Gauge Fields
Ultraviolet Divergences, Regularization, and Renormalization
Euclidean Quantum Field Theory versus Classical Statistical Mechanics

1 Basics of Quantum Field Theory

1.1 From Point Particle Mechanics to Classical Field Theory
1.2 Quantum Mechanical Path Integral
1.3 Path Integral in Euclidean Time
1.4 Spin Models in Classical Statistical Mechanics
1.5 Quantum Mechanics versus Classical Statistical Mechanics
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1.6 Transfer Matrix
1.7 Lattice Field Theory

2 Scalar Field Theory and Canonical Quantization

2.1 Scalar Fields
2.2 Noether Current
2.3 From the Lagrangian to the Hamilton Density
2.4 Commutation Relations for the Scalar Field Operators
2.5 Hamilton Operator in Scalar Field Theory
2.6 Vacuum State and Vacuum Energy
2.7 Cosmological Constant Problem
2.8 Particle States and their Energies and Statistics
2.9 Momentum Operator

3 From Particles to Wavicles and Back

3.1 Model for Ions Forming a Crystal
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3.2 Phonon Creation and Annihilation Operators
3.3 Quantum States of a Vibrating Crystal
3.4 Phonons as Wavicles
3.5 Explicit Breaking of Continuous Translation Symmetry
3.6 Debye Field Theory of the Vibrating Solid
3.7 From Wavicles Back to Particles
3.8 What is Space?

4 Perturbative Scalar Field Functional Integral in
Dimensional Regularization

4.1 From Minkowski to Euclidean Space–Time
4.2 Euclidean Propagator and Contraction Rule
4.3 Perturbative Expansion of the Functional Integral
4.4 Dimensional Regularization
4.5 2-Point Function to 1 Loop
4.6 Mass Renormalization
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4.7 Connected, Disconnected, and 1-Particle Irreducible Diagrams
4.8 Feynman Rules for the λφ4 Model
4.9 4-Point Function to 1 Loop
4.10 Dimensional Regularization of J(p2)
4.11 Renormalization of the Coupling
4.12 Renormalizability of Scalar Field Theories
4.13 Condition for Renormalizability

5 Renormalization Group

5.1 Locality and Hierarchies of Energy Scales
5.2 Renormalization Group Blocking and Fixed Points
5.3 Gaussian Fixed Points of Lattice Scalar Field Theory
5.4 Blocking from the Continuum to the Lattice
5.5 Perfect Lattice Actions on the Renormalized Trajectory
5.6 Wilson–Fisher Fixed Points
5.7 Renormalization of Scalar Field Theory in a Cut-off Regularization
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5.8 Callan–Symanzik Equation
5.9 β-Function and Anomalous Dimension to 1 Loop
5.10 Running Coupling
5.11 Infrared and Ultraviolet Fixed Points

6 Quantization of the Free Electromagnetic Field

6.1 Vector Potential and Gauge Symmetry
6.2 From the Lagrangian to the Hamilton Density
6.3 Hamilton Operator for the Photon Field
6.4 Gauss Law
6.5 Vacuum and Photon States
6.6 Momentum Operator of the Electromagnetic Field
6.7 Angular Momentum Operator and Helicity of Photons
6.8 Planck’s Formula and the Cosmic Background Radiation
6.9 Gauge Fixing and Photon Propagator
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7 Charged States in Scalar Quantum Electrodynamics

7.1 Complex Scalar Field with Global U(1) Symmetry
7.2 Scalar Quantum Electrodynamics
7.3 Charged Particles as Infraparticles
7.4 Superselection Sectors
7.5 Charged Particles in a Periodic Volume
7.6 C-periodic Boundary Conditions

8 Canonical Quantization of Free Weyl, Dirac, and Majorana Fermions

8.1 Massless Weyl Fermions
8.2 Momentum, Angular Momentum, and Helicity of Weyl Fermions
8.3 Fermion Number, Parity, and Charge Conjugation
8.4 Cosmic Background Radiation of Neutrinos
8.5 Massive Dirac Fermions
8.6 Massive Majorana Fermions
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8.7 Massive Weyl Fermions
8.8 Redundant Particle Labels and the Pauli Principle as

a “Gauss Law”
8.9 Can We Supersede Gauge Symmetry?

9 Fermionic Functional Integrals

9.1 Grassmann Algebra, Pfaffian, and Fermion Determinant
9.2 Dirac Equation
9.3 Weyl and Majorana Equations
9.4 Euclidean Fermionic Functional Integral
9.5 Euclidean Lorentz Group
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