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Language of
teaching
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Semester
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Workload
Weeks
Hours
Courses
Exercises

Number of
positions

PHYS-476 Advanced superconducting magnet technologies
Riccioli Rebecca

Cursus Sem. Type

Ing.-phys MA2, MA4 Opt.

Physicien MA2, MA4 Opt.

Summary

cPFL

English

4
Summer
Spring
Oral
120h

14

4 weekly
2 weekly
2 weekly

The course will focus on the technologies related to the practical use of superconductors, from the manufacturing to their
exploitation. The course also provides some examples of the use of superconductivity for relevant applications and the

main technological challenges related to each of them.

Content

Theoretical part
Introduction to indistrial superconductors

Fundamental Principles of Superconducting Magnets

Coil design and manufacturing (Lecture on cables by Dr. Kamil Sedlak)

Cooling techniques and thermal management
Superconducting magnet applications:

* Accelerators

« Particle therapy

* Nuclear fusion (Lecture by Dr. Kamil Sedlak)
* Motors

Field quality measurements (Lecture by Dr. Giuseppe Montenero)

Exercises and laboratories

Practical exercises on 0D design of TOKAMAK coils, solenoid and dipole magnet. (Dr Daniel Biek)
Laboratory activity on the measurement of the critical temperature

Keywords

Superconductivity
Magnets
Field quality

Learning Prerequisites

Required courses

Advanced physics Il PHYS-105
Physics lab (metrology) PHYS-117
Classical electrodynamics PHYS-324
Solid state physics PHYS-337

Recommended courses

Advanced superconducting magnet technologies
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Solid state physics Ill PHYS-419

Solid state physics IV PHYS-420

Fundamentals of biomedical imaging PHYS-438

Nuclear fusion and plasma physics PHYS-445

Introduction to particle acceleratos PHYS-448

MRI practicals on CIBM preclinical imaging systems PHYS-473

Learning Outcomes
By the end of the course, the student must be able to:
* Design electromagnetically simple magnet geometries
« Define the working points of the superconductor based on the application
» Formulate the critical aspects of a superconducting magnet
* Describe the different systems to characterize the magnet quality
* Expound the main aspects of superconducting magnets for different applications

Transversal skills

» Demonstrate the capacity for critical thinking
» Use both general and domain specific IT resources and tools
» Write a scientific or technical report.

Teaching methods

Lecture based teaching using slides and blackboard.

Assessment methods

The exam is based on an oral assessment during the exam session. Before the oral exam, students will be asked to
write a short report describing the laboratory activities completed, which will contribute 10% of the final grade.

Supervision

Office hours Yes

Assistant.e.s No

Forum No

Others The office hours will take place via zoom. In order to have a discussion with the teacher send an

email with the convinient time and dates for the students.

Resources
Bibliography
M. Wilson, "Superconducting Magnets", Clarendon Press Oxford, New York, 1982
CAS (CERN Accelerator School), "Magnetic Measurement and Alignment", Geneva, 1992
Y. Iwasa, "Case Studies in Superconducting magnets", Plenum Press, 1994
P. Tixador, "Les supraconducteurs”, Hermes, Paris, 1995
Werner Buckel, Reinhold Kleiner, "Superconductivity: Fundamentals and Applications", Wiley-VCH Verlag
GmbH & Co. KGaA, 2004
G. Krabbes, et al. , "High Temperature Superconductor Bulk Materials", Wiley-VCH, 2006
Stephan Russenschuck, "Field Computation for Accelerator Magnets", Wiley-VCH Verlag GmbH & Co.
KGaA, 2010

Ressources en bibliothéque
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* Find the references at the Library

Références suggérées par la bibliothéque
* Magnetic Measurement and Alignment / CAS (CERN Accelerator School)

Moodle Link
* https://go.epfl.ch/PHYS-476
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PHYS-472 Astrophysics Il : interactions radiation-matter
Jablonka Pascale
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Physicien MA1, MA3 Opt. CIERE 5
. - Session Winter
Space Technologies minor H Opt. Semester Fall
Exam Written
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

This course provides the essential concepts for understanding how stars form, evolve, radiate, and synthesize their
chemical elements. These are fundamentals to tackle the variety of galaxy properties, and how their interstellar medium
is gradually enriched with metals.

Content

The course is based on 6 connected parts:
1. - Stellar evolution and nucleosynthesis: The energetics for the fusion of the different chemical elements.
2. - Galaxy star formation history and chemical evolution: How can one infer them?
3. - General information on radiation: intensities, fluxes, and radiation pressure. Temperatures in astrophysics,
extinction and emission coefficients.
4. - Stellar atmospheres: the radiative transfer equation, outgoing flux. The different modes of energy transfer.
5. - Radiation-matter interaction in stellar interiors: Boltzmann's and Saha's laws; absorption, opacities, spontaneous
emission, induced emission, the Einstein coefficients. Spectral lines; curve of growth: how can one derive the metal
content of stars?
6. - Thermodynamics and internal structure of stars: perfect and degenerate gas: the different ways stars explode.

At the end of the semester, the students will be familiar with the physics governing the different stellar evolutionary
stages and their contribution to the galaxy spectral energy distributions. They will be able to interpret spectral features,
the galaxy chemical patterns, and infer the length and efficiency of the galaxy star forming activities.

Keywords

« astrophysics

* energy transport
* nucleosynthesis
« stellar evolution
» galaxy evolution

Learning Prerequisites

Required courses
There is no mandatory course but
* Astro | is recommended
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» Knowledge in thermodynamics, statistical and quantum physics is recommended
* Basic knowledge in python is recommended

Assessment methods

Written form
Resources
Bibliography

* B.W. Carroll & D.A. Ostlie, Introduction to Modern Astrophysics, Addison-Wesley, 1996
» D.D. Clayton, Principles of stellar evolution and nucleosynthesis, McGraw Hill, 1968

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-472
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PHYS-465 Astrophysics lll : galaxy formation and evolution

Hirschmann Michaela
Cursus
Ing.-phys
Physicien
Space Technologies minor

Summary

Language of
teaching

Credits
Session
Semester
Exam
Workload
Weeks
Hours
Courses
Exercises

Number of
positions

cPFL

English

4
Winter
Fall

Oral
120h

14

4 weekly
2 weekly
2 weekly

Galaxy formation & evolution is about studying how galaxies in our Universe come into existence, how they evolve and
what shapes their properties. This course describes the observational facts of galaxies and the various processes of

galaxy evolution as seen from theoretical/numerical models.

Content

* Lecture 1 (Repetition of Astro-I and Astro-1l):

« Introduction (galaxy definition, astronomical scales, observable quantities)

« Brief review on stars

* Lecture 2:
» Radiation processes in galaxies and telescopes;
* The Milky Way

* Lecture 3: The world of galaxies |
* Lecture 4:
» The world of galaxies II;
« Black holes and active galactic nuclei

* Lecture 5:
* Galaxies and their environment;
 High-redshift galaxies

* Lecture 6:
» Cosmology in a nutshell
« Linear structure formation in the early Universe

 Lecture 7:
» Dark matter and the large-scale structure
» Cosmological N-body simulations of dark matter

* Lecture 8: Populating dark matter halos with baryons:

Astrophysics Il : galaxy formation and evolution
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» Semi-empirical models
» Semi-analytical models

* Lecture 9: Modelling the evolution of gas in galaxies: Hydrodynamics
* Lecture 10:

» Gas cooling/heating

« Star formation

* Lecture 11: Stellar feedback processes

* Lecture 12: Black hole growth and AGN feedback

* Lecture 13: Success and challenges of modern simulations
* Lecture 14: Future prospects and mock exam

Keywords

Astrophysics, Galaxies formation and evolution, Observations, Theoretical/numerical models of galaxies

Learning Prerequisites
Recommended courses

 Bachelor in physics or mathematics
* Astrophysics |, Il (but there will be some revision)
* Basics in Python programming

Learning Outcomes

By the end of the course, the student must be able to:
* Theorize fundamental principles of galaxy formation and evolution
* Interpret observational results of galaxies
» Analyze observational data and theoretical/numerical simulations

Transversal skills

» Access and evaluate appropriate sources of information.

Teaching methods

Ex cathedra and exercices supervised in classroom.

Assessment methods

oral exam (100%).

Resources
Bibliography
» Extragalactic Astronomy and Cosmology (P. Schneider)
» Galaxy formation and evolution (Mo, van den Bosch & White)

Astrophysics Il : galaxy formation and evolution

cPFL
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 Galaxy formation (Longair)

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-465
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PHYS-401 Astrophysics IV : stellar and galactic dynamics
Revaz Yves
Cursus Sem. Type Language of
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. lrelliz
. . Session
Space Technologies minor E Opt. Semester
Exam
Workload
Weeks
Hours
Courses
Exercises
Number of
positions
Summary

cPFL

English

4
Summer
Spring
Oral
120h

14

4 weekly
2 weekly
2 weekly

The aim of this course is to acquire the basic knowledge on specific dynamical phenomena related to the origin,
equilibrium, and evolution of star clusters, galaxies, and galaxy clusters.

Content

1. Introduction: distances, sizes, masses of stellar dynamics systems such as star and galaxy clusters

2. Potential theory

3. Stellar Orbits

4. Equilibria of collisionless systems
5. Stability of collisionless systems

6. Disk dynamics and the formation of spiral structures

Learning Prerequisites

Recommended courses
Bachelor in physics or mathematics and Astrophysics | and Il

Learning Outcomes

By the end of the course, the student must be able to:
* Theorize the laws of stellar dynamics

Transversal skills

» Access and evaluate appropriate sources of information.

Teaching methods

Ex cathedra and exercises supervised in classroom

Assessment methods

Astrophysics |V : stellar and galactic dynamics
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oral exam (100%)

Resources
Moodle Link
* https://go.epfl.ch/PHYS-401
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PHYS-402 Astrophysics V : observational cosmology
Kneib Jean-Paul
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. credis 4
. . Session Summer
Space Technologies minor E Opt. Semester Spring
Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

Cosmology is the study of the structure and evolution of the universe as a whole. This course describes the principal
themes of cosmology, as seen from the point of view of observations.

Content

1. A brief historical perspective: a few ancient cosmologies. Olbers' paradox.

2. The three observational pillars of Big Bang cosmology dis-covered during the 20th century: (i) The universe
expansion; (ii) The cosmic microwave background at 3K; (iii) The abundance of light elements.

3. The metric of the universe. The spectral redshifts.
4. Cosmological models and the evolution of the universe.

5. Observational tests: the age of the universe, mean density and the problem of dark matter, nucleo-cosmo-chronology,
the deep galaxy counts.

6. Recent observations of the cosmic microwave background and its power spectrum.
7. Impact of gravitational lenses on cosmology.

8. The initial phases of the evolution of the universe in the Big Bang model and cosmological nucleosynthesis.

Learning Prerequisites

Recommended courses
Bachelor in physics or mathematics and Astrophysics [, [l and IlI

Learning Outcomes

By the end of the course, the student must be able to:
* Theorize the fondamental principles of cosmology

Transversal skills

» Access and evaluate appropriate sources of information.

Teaching methods
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Ex cathedra and exercices supervised in classroom

Assessment methods

oral exam (100%)

Resources
Moodle Link
* https://go.epfl.ch/PHYS-402

Astrophysics V : observational cosmology

cPFL
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PHYS-761 Attosecond radiation sources
Carbone Fabrizio, Invited professor(s) , Puppin Michele
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Physicien MA1, MA3  Opt. credis ¢
' Session Winter
Physics Opt. Semester Fall
Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Remark

Next time: Fall

Summary

This course describes the principles of attosecond photons and electron pulses generation

Content

Introduction to laser physics

Introduction to short pulses generation

High Harmonic generation and attosecond photon sources
Free electron lasers principles and operation

Ultrafast electron sources, principles and implementation
Attosecond electron sources

Exotic radiation sources, gamma ray lasers, atomic laser

Keywords

Femtosecond, Attosecond, Zeptosecond, Ultrafast, lasers, electrons

Learning Prerequisites

Required courses
Basic principles of electromagnetism and quantum mechanics

Recommended courses

Electromagnetism
quantum mechanics

Important concepts to start the course

Maxwell's equations
Basic principles of optics

Learning Outcomes

By the end of the course, the student must be able to:
» Describe Ultrafast laser sources
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* Design An ultrafast laser

* Describe Free electron lasers

* Describe Pulsed electron sources

* Design Attosecond electron beam

* Operate Ultrafast laser

» Operate Femtosecond electron beam line

Teaching methods

The course will be taught ex cathedra and with several lab-based practical trainings

Expected student activities

participation to lavoratory activity during the excercise sessions

Assessment methods
Oral

Resources
Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-761
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PHYS-463 Computational quantum physics
Carleo Giuseppe
Cursus Sem. Type Language of English
Computational science and Engineering MA2, MA4 Opt. teaching
Computational science and engineering minor E Opt. lrelliz ®
Session Summer
Ing.-phys MA2, MA4 Opt. Semester Spring
Minor in Quantum Science and Engineering E Opt. Exam Oral
. Workload 180h
Physicien MA2, MA4 Opt. Weeks 14
Quantum Science and Engineering MA2, MA4 Opt. Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

The numerical simulation of quantum systems plays a central role in modern physics. This course gives an introduction
to key simulation approaches, through lectures and practical programming exercises. Simulation methods based both on
classical and quantum computers will be presented.

Content

1. Single-particle Problems: Numerical solutions of the Schroedinger equation, Numerov's integration, the split
operator method

2. Quantum Spin Models: Choice and representations of basis sets for the many-body problem, the Trotter
decompososition for real and imaginary-time evolution

3. Electronic Structure: Second Quantization, Full Configuration Interaction, Hartree-Fock, Density Functional Theory

4. Variational Methods: Variational Monte Carlo. Machine Learning Based Techniques, Time-dependent Variational
Approaches

5. Quantum Monte Carlo Methods: Path Integral Monte Carlo at finite and zero temperature

6. Quantum Computing: Quantum simulation on a quantum computer, Adiabatic State preparation, Variational
Quantum Eigensolver

Keywords

Quantum simulation, Variational Monte Carlo, Machine Learning in Physics, Density Functional Theory, Lanczos, Path
Integral Monte Carlo, Quantum Computing, Second Quantization, Time-Dependent Variational Principle

Learning Prerequisites

Required courses

A solid understanding of quantum mechanics (I and Il) is required.

Students should have a good working knowledge of at least one common programming language (Python,
C, C++, Fortran, Julia...). It is strongly advised to be familiar with Python, since the exercises will be
typically presented and discussed in Python.

Recommended courses
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Learning Outcomes
By the end of the course, the student must be able to:
* Model a quantum problem through numerical tools
* [dentify suitable algorithms to solve or approximately solve a certain quantum problem
* Discuss the limitations of a given algorithm
« Carry out computer simulations
* Model a quantum problem through numerical tools
« Identify suitable algorithms to solve or approximately solve a certain quantum problem
* Discuss the limitations of a given algorithm
« Carry out computer simulations of physical systems

Teaching methods

Ex cathedra with computational exercises

Expected student activities

Practical assignments will be given every week.

Solutions to the assignements will be handed out and the homework will not be graded.

It is strongly advised however to make the effort to do the homework weekly. The final computational exam will evaluate
the understanding of the practical implementation aspects of the computational methods and will need students to apply
techniques covered during the exercise sessions.

Assessment methods

The course is graded through a computational exam in the last week of the course (50% of the grade), as well as an oral
exam (50% of the grade) during the regular exam session.

The oral exam will assess both the general theory as well as the understanding of the practical implementation of the
algorithms.

Resources
Bibliography
Suggested books to acquire a broader view on the topics discussed in the lecture notes
"Quantum Monte Carlo Approaches for Correlated Systems”, F. Becca & S. Sorella, (Cambridge University
Press, 2017)

"Computational Physics", J. M. Thijssen, (Cambridge University Press)
"Statistical Mechanics: Algorithms and Computations", W. Krauth, (Oxford Master Series in Physics)

Ressources en bibliothéque

* Find the references at the Library

Notes/Handbook
Detailed Lecture Notes will be provided

Moodle Link
* https://go.epfl.ch/PHYS-463
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PHYS-403 Computer simulation of physical systems |
Pasquarello Alfredo
Cursus Sem. Type Language of English
Computational science and Engineering MA1, MA3 Opt. teaching
Computational science and engineering minor H Opt. lrelliz 5
Session Winter
Ing.-phys MA1, MA3 Opt. SETTESET Fall
Mechanical engineering MA1, MA3 Opt. Exam Oral
. Workload 120h
Physicien MA1, MA3 Opt. Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

The two main topics covered by this course are classical molecular dynamics and the Monte Carlo method.

Content

The main focus of this course is the conceptual understanding of the potential and limitations of various simulation
algorithms in the context of classical molecular dynamics and the Monte Carlo method. The Lennard-Jones liquid is
extensively used for both methodologies as a case study for practical application. The codes for running the simulations
are license-free and are provided. The emphasis of this course is on extracting physically relevant information from the
simulations. Since the codes are provided, programming abilities may be helpful but do not correspond to the targets of
this course. The main themes touched upon in the course are given below:

Ordinary differential equations: methods for numerical integration: multistep algorithms and implicit algorithms.

Classical molecular dynamics: Verlet algorithm, predictor-corrector algorithms, determination of macroscopic
parameters, Nosé-Hoover thermostat, constraints, Ewald summations, application to Lennard-Jones liquids.

Random variables: definitions and properties, generators and distribution functions, central-limit theorem.
Random walks: binomial and Gaussian distributions, particle diffusion, Brownian motion.

Monte Carlo integration: direct sampling, importance sampling, Metropolis algorithm, errors in correlated sampling,
Monte-Carlo simulations of Lennard-Jones liquids and of two-dimensional spin systems.

Learning Prerequisites

Recommended courses
Statistical physics

Important concepts to start the course
Basic concepts from statistical physics

Learning Outcomes

By the end of the course, the student must be able to:
» Model a physical problem by a computer simulation
* Interpret experimental properties using a computer program
« Carry out computer simulations
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 Synthesize results in the form of a scientific report

* Choose an appropriate simulation method among those seen in the course

* Describe the simulation algorithms seen in the course

« Carry out computer simulations based on molecular dynamics and the Monte Carlo method

* Interpret experimental properties using computer simulations based on molecular dynamics and the Monte Carlo
method

* Apply the methodologies seen in the course
 Explain the simulation algorithms seen in the course and associated issues.
» Assess / Evaluate errors associated with physical properties extracted from the simulations

Assessment methods

Report + oral exam = 1 grade

Resources

Virtual desktop infrastructure (VDI)
Yes

Ressources en bibliothéque

» Computational physics : an introduction / F.J. Vesely
» Computational physics / J. M. Thijssen
» Computational physics / S. E. Koonin

Websites
* http://moodle.epfl.ch/course/view.php?id=3711

Moodle Link
* https://go.epfl.ch/PHYS-403
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MSE-450 Electron microscopy: advanced methods
Alexander Duncan

Cursus Sem. Type

Ing.-phys MA2, MA4 Opt.

Materials Science and Engineering MA2, MA4 Opt.

Minor in Imaging E Opt.

Physicien MA2, MA4 Opt.

Summary

Language of
teaching

Credits
Session
Semester
Exam
Workload
Weeks
Hours
Courses
Exercises

Number of
positions

cPFL

English

4
Summer
Spring
Oral
120h

14

4 weekly
2 weekly
2 weekly

With this course, the student will learn about advanced methods in transmission electron microscopy, especially what is
the electron optical setup involved in the acquisition, and how to interpret the data. After the course, students will be able
to understand and assess TEM encountered in papers.

Content

1.
2.

4.
5.

Electron diffraction.

TEM imaging and diffraction contrast.
Phase contrast/high-resolution TEM.
Scanning TEM.

EDX, EEL-spectroscopy for analytical TEM.

Exercises and demonstrations concern these themes.

Learning Prerequisites

Required courses

- Electron microscopy : introduction (ideally)
- Basic knowledge of solid state physics, crystallography, crystal defects

Learning Outcomes

By the end of the course, the student must be able to:
» Choose the appropriate TEM technique adapted to their problems
* Recognize The TEM techniques used in a publication

* Interpret TEM images

* Present the TEM results

» Recognize the TEM techniques used in a publication

* Interpret TEM data (images, diffraction patterns, chemical analyses)
» Expound on the electron-matter interactions leading to the data

* Present the TEM results

Transversal skills

» Write a scientific or technical report.

Teaching methods

Electron microscopy: advanced methods
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Eight weeks of the course are in a mainly "flipped" format, using MOOC-type online video lectures and quizzes. The
remaining weeks use a conventional format. We alternate between the two formats over the semester.

During the "flipped" weeks, students will participate in interative demonstrations at the microscopes, where they can see
and practice the techniques discussed in the lectures. They will also have interactive Q&A sessions.

Demos at the microscopes are also given during the "conventional" weeks, to illustrate various more advanced
techniques like aberration-corrected imaging.

Expected student activities

Follow the online teaching material *before* attending the TEM session for the 8 weeks of flipped format.

Assessment methods

Project based evaluation with one individual report + oral evaluation during the exam period.

The written report has to be submitted by the second Sunday after the end of teaching. Each student will be individually
interviewed based on this report and the full course content during the exam session.

The grade will be 50% written report 50% oral exam.

Resources

Virtual desktop infrastructure (VDI)
No

Bibliography

Transmission Electron Microscopy A Textbook for Materials Science; Williams, David B., Carter, C.
Barry

Transmission Electron Microscopy and Diffractometry of Materials; Fultz, Brent, Howe, James
Transmission Electron Microscopy Physics of Image Formation; Reimer, Ludwig, Kohl, Helmut

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/MSE-450
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PHYS-407 Frontiers in nanosciences
Pivetta Marina

Cursus Sem. Type
Ing.-phys MA1, MA3 Opt.
Physicien MA1, MA3 Opt.

Summary

Language of
teaching

Credits
Session
Semester
Exam
Workload
Weeks
Hours
Courses
Exercises

Number of
positions

cPFL

English

4
Winter
Fall

Oral
120h

14

4 weekly
2 weekly
2 weekly

The course covers relevant experimental and theoretical concepts in nanoscale science, from fundamental aspects like
quantum tunneling and quantum size effects, to hot topics like quantum transport and nanoscale magnetism.

Content

Review of electronic properties: from atoms to bulk

Confinement of electronic states

Imaging and manipulation at the atomic scale

Making the nanostructures: top-down and bottom-up approaches

Advances in field-effect transistors (FETs): solid state devices (SSD), 2D-FETs
Quantum transport in 1D, and in OD (single-electron FET)

Magnetism at the nanoscale: magnetic data storage (HDD), introduction to spintronics

Learning Prerequisites
Recommended courses
Solid state physics

Learning Outcomes

 Explain the differences between nanoscopic and macroscopic scale
* Analyze the results of a scientific experiment
* Design a scientific experiment

Transversal skills

» Summarize an article or a technical report.
» Access and evaluate appropriate sources of information.
* Use a work methodology appropriate to the task.

Teaching methods

Ex cathedra with exercises in class

Assessment methods

Frontiers in nanosciences
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oral exam (100%)

Supervision

Office hours No
Assistant.e.s No
Forum No
Resources
Bibliography

For each subject, relevant bibliography will be indicated on the slides, available on Moodle
Notes/Handbook
Lecture slides will be available on Moodle

Websites
* http://moodle.epfl.ch/course/view.php?id=7781

Moodle Link
* https://go.epfl.ch/PHYS-407
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PHYS-477 Fundamentals of crystallography and diffraction
Alexander Duncan
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Materials Science and Engineering MA1, MA3 Opt. Credits 3
— Session Winter
Physicien MA1, MA3 Opt. SETTESET Fall
Exam Written
Workload 90h
Weeks 14
Hours 3 weekly
Courses 2 weekly
Exercises 1 weekly
Number of
positions
Summary

Crystallography and diffraction are fundamental to much of condensed matter and materials physics research. By
developing the relevant formalisms, this course builds a solid basis for utilizing crystallography and diffraction, extending
to crystalline phenomena that impact physical properties.

Content

1. Introduction to the crystalline lattice.

Stacking of atoms: atomic planes, close packed structures. Tessellation: translational symmetry and the crystal lattice.
Description by the unit cell.

2. Symmetry and the Bravais lattices.

Introduction to the basic symmetry elements. Definition of the 7 unit cell types. Lattice centering possibilities and the 14
Bravais lattices.

3. Lattice vectors, crystal planes and the reciprocal lattice.

Formalisms of lattice vectors, Miller indices. The spatial Fourier transform and reciprocal lattice.

4. Symmetry operators and formalisms.

Description and applications of point groups and space groups. Application to common cubic structure variants and
polymorphs.

5. Diffraction basics.

X-ray diffraction and Bragg's law. Reciprocal lattice and the Ewald sphere. Kinematical (Laue) theory of X-ray scattering.
Atomic scattering factors and the structure factor.

6. X-ray diffraction analyses.

Single crystal theta-2theta diffraction, powder diffraction, Reitveld refinement. Thin film analyses.

7. The hexagonal lattice.

Common hexagonal structures (hexagonal close packed wurtzite, graphene, dichalcogenide), and relevance to
semiconductors and other condensed matter research. The 4-index notation for hexagonal lattice planes and vectors.
8. Other structure variants.

Insights into structures such as the distorted perovskite oxide lattice, oxide polymorphs, and superlattice reflections.
9. Crystalline defects.

1-D defects (crystal dislocations), 2-D defects (stacking faults and twins), crytal interfaces such as sigma boundaries.
10. Other diffraction types.

Electron diffraction, neutron diffraction, and their application to crystallography.

Keywords
Crystallography, X-ray diffraction, unit cell, Bravais lattice, lattice vector, Miller indices, reciprocal lattice, kinematical

scattering, structure factor, Reitveld, 4-index notation, dislocations, interfaces, polymorphs

Learning Prerequisites
Required courses
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MATH-206/MATH-207, PHYS-207

Important concepts to start the course
Fourier transform (e.g., MATH-206, MATH-207); Schrédinger wave equation (e.g., PHYS-207).

Learning Outcomes
By the end of the course, the student must be able to:
» Develop the nature of the reciprocal lattice
* Infer the point group symmetry of a 2D lattice
« Elaborate the connection between a crystal lattice and its space group
* Prove the kinematical theory of diffraction
» Formulate the unit cell structure factor
* Interpret single crystal and powder diffraction patterns
» Sketch 3 index and 4 index lattice vectors and planes
» Assess / Evaluate unit cell types and symmetries

Transversal skills

» Use both general and domain specific IT resources and tools

» Demonstrate the capacity for critical thinking

« Communicate effectively, being understood, including across different languages and cultures.
» Use a work methodology appropriate to the task.

 Assess one's own level of skill acquisition, and plan their on-going learning goals.

Teaching methods

Oral lectures. Weekly exercises/integrated exercises in the classroom. Use of open-source sofware and database
resources.

Assessment methods

Written exam.

Resources
Bibliography
Structure of materials: an introduction to crystallography, diffraction and symmetry. Marc de Graef. (Oxford

University Press)
Fundamentals of Crystallography. Edited by C. Giacovazzo. (Oxford Science Publications)

Moodle Link
* https://go.epfl.ch/PHYS-477
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PHYS-502 Interacting quantum matter
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Minor in Quantum Science and Engineering H Opt. Credits 4
— Session Winter
Physicien MA1, MA3 Opt. SETTESET Fall
Quantum Science and Engineering MA1, MA3 Opt. Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 3 weekly
Exercises 1 weekly
Number of
positions
Remark

Pas donné en 2026-27

Summary

This course presents modern aspects of theoretical condensed matter physics with interfaces to statistical physics,
quantum information theory, quantum field theory and quantum simulation.

Content

- Quantum Phase Transitions

- Topological Order

- Entanglement in Quantum Many Body Systems

- Non-Equilibrium Dynamics

- Lattice gauge theories in Condensed Matter and Synthetic Quantum Many Body Systems

Learning Prerequisites

Recommended courses

Solid State Physics llI
Statistical physics IlI

Learning Outcomes

* Theorize modern approaches to interacting quantum matter

Transversal skills

« Continue to work through difficulties or initial failure to find optimal solutions.
» Demonstrate a capacity for creativity.

» Access and evaluate appropriate sources of information.

« Summarize an article or a technical report.

Teaching methods

Ex cathedra and exercises supervised in classroom
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Assessment methods
Oral Exam (100%)

Supervision

Office hours No
Assistant.e.s Yes
Forum No
Resources

Moodle Link

* https://go.epfl.ch/PHYS-502

Interacting quantum matter
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PHYS-439 Introduction to astroparticle physics
Vacat .
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. credis 4
Session Summer
Semester Spring
Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

We provide a comprehensive overview of astroparticle physics, bridging the microworld of cosmic messengers with the
large-scale structure and evolution of the Universe. We also explore the detection techniques and technologies that
make this investigation possible.

Content

1. The observed universe: cosmological expansion, age of the universe, cosmic microwave background radiation.

2. Dark matter in the Universe. Rotation curves of the galaxies, experiments on detection of dark matter.

3. Astrophysical sources of high-energy gamma quanta and cosmic rays.

4. Pulsars and supernovae. Neutrinos from the supernova SN1987A.

5. High-energy particle acceleration near magnetized neutron stars.

6. Astrophysical black holes: stellar mass black holes and supermassive black holes in the nuclei of active galaxies.
7. High-energy particle acceleration and production of cosmic rays by the black holes.

8. Charged cosmic rays: energy flux and composition; origin, acceleration and propagation. Direct detection of cosmic
rays: AMS, DAMPE and future experiments. Extensive air showers: composition, longitudinal and lateral profiles. The
indirect detection of cosmic rays: the Pierre Auger Observatory.

9. Cosmic photons: production mechanisms and sources; the multiwavelength astronomy. Direct detection of cosmic
gamma rays: the Fermi experiment. Indirect detection of cosmic gamma rays: imaging atmospheric Cherenkov

telescopes and extensive air shower detectors. Current and future experiments

10. Astrophysical neutrinos: production mechanisms and candidate sources. The neutrino astronomy and the neutrino
telescopes: KM3NeT and IceCube

Learning Prerequisites

Recommended courses
Nuclear and particle physics | and Il (PHYS-311, PHYS-312)

Learning Outcomes

By the end of the course, the student must be able to:
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» Analyze the physical phenomena associated with cosmic rays

* Discuss the detection principles of astroparticle physics experiments
* Interpret the main results of selected experiments

 Assess / Evaluate the state of the art of astroparticle physics

Teaching methods

Ex cathedra and classroom exercises

Assessment methods

oral exam (100%)

Resources
Bibliography

* A. De Angelis, M. Pimenta, Introduction to Particle and Astroparticle Physics
* M. S. Longair, High Energy Astrophysics, Vol. 2

* D. H. Perkins, Particle Astrophysics

* M. Spurio, Probes of Multimessenger Astrophysics

 T. Stanev, High Energy Cosmic Rays

Ressources en bibliotheque

+ Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-439
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PHYS-438 Introduction to biomedical imaging
Xin Lijing
Cursus Sem. Type Language of English
Auditeurs en ligne H Opt. teaching
Biomedical technologies minor H Opt. Credits 4
Session Winter
Electrical Engineering Opt. SETTESET Fall
Electrical and Electronical Engineering MA1, MA3 Opt. Exam Written
Workload 120h
Ing.-phys MA1, MA3 Opt. Weeks 14
Life Sciences Engineering MA1, MA3 Opt. Hours 4 weekly
Minor in Imaging H Opt. Courses 2 weekly
) Exercises 2 weekly
Neuro-X minor H Opt. NGB eos
Neuro-X MA1, MA3 Opt. positions
Physicien MA1, MA3 Opt.
Summary

This course introduces the fundamentals of biomedical imaging and provides an overview of the major imaging
modalities used in medicine and biological research. It focuses on understanding the physical principles, the
mechanisms of image formation, and their biomedical applications.

Content

This course introduces the fundamental principles of biomedical imaging and provides an overview of the major imaging
modalities used in medicine and biological research. The primary focus is on understanding the physical principles
underlying each imaging technique, the mechanisms of image formation, and their biomedical and clinical applications.
The course covers Ultrasound (US) Imaging, X-ray Imaging, Computed Tomography (CT), Nuclear Medicine
(PET/SPECT), and Magnetic Resonance Imaging (MRI). For each modality, students will learn how signals are
generated and detected, how images are reconstructed and interpreted, and how image quality is influenced by factors
such as resolution, contrast, and noise.

By comparing the strengths, limitations, and applications of different imaging modalities, students gain a foundation for
selecting and evaluating appropriate imaging techniques for specific biomedical and clinical problems.

The course follows the outline below:

1. Introduction to biomedical imaging: its historical development, and parameters for evaluating image quality. Visit of
Lausanne University Hospital (CHUV)

2. Ultrasound imaging: basic characteristics of sound wave, US transducer, ultrasound and tissue interaction, doppler
effect

3. X-ray imaging |: electromagnetic radiation, X-ray production, interaction of X-ray with matter

4. X-ray imaging II: attenuation, detection and radiation protection

5. Computed tomography: from projection to image

6. Emission computed tomography: what are tracers and how to "trace" them in your body, gamma-ray detection

7. Positron emission tomography (PET): positron annihilation, coincidence detection

8. Introduction to magnetic resonance (MR): scanner components, Boltzmann distribution, from spins to magnetization,
motion of magnetization

9. Relaxation of nuclear magnetization: excitation of spins, relaxation, the basis of MR contrast, equation of motion

10. Echo formation and spatial encoding: principles of MR image formation, k-space, echo formation

11. Basic MRI contrast mechanisms: T2* weighted MRI, biophysical basis of fMRI, Spin-echo imaging sequence, T1, T2,
proton-density, contrast agents

12. MR spectroscopy: In vivo biochemistry, chemical shift, J-coupling, localization

13. MRI in action: hands-on MRI scanner session at CHUV

14. Overview of imaging modalities: advanced contrasts (phase-contrast, diffusion), hybrid imaging (PET-MRI),
comparison of imaging modalities

Keywords
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Ultrasound, X-ray, CT, PET, SPECT, Radioprotection, MRI

Learning Prerequisites

Required courses

Analysis I-llI
General physics

Recommended courses

Image processing |
Physics of magnetic resonance imaging

Important concepts to start the course
Fourier transformation

Learning Outcomes
By the end of the course, the student must be able to:
» Explain the physical principles underlying biomedical imaging systems.
* Describe image formation mechanisms in X-ray, CT, MRI, ultrasound, and PET.
 Apply basic image reconstruction techniques to biomedical imaging problems.
» Assess / Evaluate image quality using spatial resolution, contrast, noise, SNR, and CNR metrics.

» Compare strengths and limitations of different imaging modalities based on physical principles, performance, and
clinical applications.

* Analyze biomedical images and identify common artifacts and limitations.

 Assess / Evaluate safety considerations associated with ionizing radiation, magnetic fields, ultrasound exposure, and
radioactive tracers.

« Select appropriately the imaging modality for a given biomedical or clinical scenario.

Transversal skills

» Use a work methodology appropriate to the task.
* Plan and carry out activities in a way which makes optimal use of available time and other resources.
» Manage priorities.

Teaching methods

Lectures, experimental demonstrations, exercises, and a hands-on MRI session.

Expected student activities

Strong participation in the course and exercises.

Assessment methods

A written exam

Supervision

Office hours Yes
Assistant.e.s Yes
Resources
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Bibliography

"Introduction to biomedical imaging / Andrew Webb". ISBN:0-471-23766-3 Also available as e-book at
EPFL library.

Websites

* https://www.epfl.ch/labs/metmrs/
* https://www.epfl.ch/labs/mrism/
* https://cibm.ch/

Moodle Link
* https://go.epfl.ch/PHYS-438
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PHYS-448 Introduction to particle accelerators
Pieloni Tatiana
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Nuclear engineering MA1 Opt. Credits 4
- Session Winter
Physicien MA1, MA3 Opt. SETTESET Fall
Exam Written
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

The course presents basic physics ideas underlying the workings of modern accelerators. We will examine key features
and limitations of these machines as used in accelerator driven sciences like high energy physics, materials and life
sciences.

Content

Overview, history and fundamentals

Transverse particle dynamics (linear and nonlinear)
Longitudinal particle dynamics

Synchrotron radiation and related dynamics

Linear and circular accelerators

Acceleration and RF-technology

Beam diagnostics

Accelerator magnets

Medical application of accelerators

Future projects

Learning Outcomes
By the end of the course, the student must be able to:
* Design basic linear and non-linear charged particles optics
« Elaborate basic ideas of physics of accelerators
» Use a computer code for optics design
» Optimize accelerator design for a given application
« Estimate main beam parameters of a given accelerator

Transversal skills

* Communicate effectively with professionals from other disciplines.
» Use both general and domain specific IT resources and tools

Teaching methods

lecture based teaching using slides and blackboard,
occasionally inquiry based learning,
using Jupiter notebooks to simulate accelerator dynamics,
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Application of knowledge through concrete exercises and provision of individual feedback in tutorials

Expected student activities

working on weekly problems, submitting the solutions and participation in the computer tutorials

Assessment methods

written exam

Resources
Moodle Link
* https://go.epfl.ch/PHYS-448
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PHYS-473 MRI Practicals on CIBM preclinical imaging systems
Cudalbu Moldovan Cristina Ramona, Lanz Bernard, L& Thanh Phong
Cursus Sem. Type Language of English
Biomedical technologies minor H Opt. teaching
Ing.-phys MA1, MA3 Opt. Credits 4
. . . Withdrawal Unauthorized
Minor in Imaging H Opt. Sesaoan e
Neuro-X MA1, MA3 Opt. Semester Fall
- E '
Physicien MA1, MA3  Opt. ram comng e
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Project 2 weekly
Number of 20
positions
It is not allowed to withdraw
from this subject after the
registration deadline.
Summary

The goal of this course is to teach students how to perform basic MRl and MRS experiments in-vivo and ex-vivo directly
on preclinical horizontal ultra-high field MRI systems.

Content

Main topics addressed in the course:

1. Introduction to MRI: Nuclear spin and magnetic moment, nmr-active nuclei/isotopes, macroscopic magnetization,
classical description of magnetic resonance, FID, spin echo, gradient echo signal acquisition.

2. Basic anatomical imaging and contrast: T1, T2 and T2* weighted images, impact of acquisition parameters on image
contrast

3. Introduction to advanced MRI and contrast : fast MRI, 3D imaging, volumetry, diffusion MR, in vivo vs ex vivo imaging,
volume vs surface RF coils properties

4. Introduction to Magnetic Resonance Spectroscopy (MRS), data acquisition and processing using MRS4Brain toolbox :
1H metabolites resonance patterns, chemical shift, J-coupling, shimming, MRS localization approaches, water signal
suppression, outer volume signal suppression, metabolites quantification.

5. Introduction to Magnetic Resonance Spectroscopic Imaging (MRSI), reconstruction, data acquisition and processing
using MRS4Brain toolbox : Basics of spectroscopic imaging, signal encoding for localization, 2D and 3D MRSI, FID vs
echo-based MRS

6. Basic artifacts in MRS and MRI and how to avoid them

7. Data processing: volumetry, DTI, metabolic imaging

Keywords

Magnetic Resonance Imaging (MRI), Magnetic Resonance Spectroscopy (MRS), Brain, ultra high magnetic field,
metabolic imaging, brain metabolites, spin physics, processing/quantification,

Learning Prerequisites

Required courses

General Physics

Electromagnetism

Basic signal processing

Important concepts: Fourier transformation
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Recommended courses
Fundamentals of biomedical imaging - PHYS-438

Neural signals and signal processing - Fiche de cours - NX-421

Quantum physics
Signaux et systémes

Important concepts to start the course
NMR, MRI basics

Learning Outcomes

By the end of the course, the student must be able to:

» Understand the physical principles of MRI and MRS during hands on exercises on MRI scanners

* Perform basic MRI and MRS experiments

cPFL

* Establish MRI and MRS acquisition protocols and understand the impact of the acquisition parameters on image

contrast or spectral pattern
* Analyze the results for the acquired data

 Explain the basics of organizing a successful MRS experiment, processing/quantification, image processing, using

MRS4Brain toolbox

* Read, analyze and discuss representative scientific papers

* Discover the power of interdisciplinary interaction by working on questions and hands on exercises in groups

Transversal skills

» Use both general and domain specific IT resources and tools
« Communicate effectively with professionals from other disciplines.
» Write a literature review which assesses the state of the art.

» Write a scientific or technical report.

Teaching methods

In general the course will be organized as follows:
- 2h theoretical
- 2h practical at the scanner

Expected student activities

Active participation in the theoretical courses with questions
Discussions/questions during the live demos

Supervised experimental manipulation of the MRI scanner
Processing of the acquired data

Work in teams for a joint report/project

Assessment methods

Report/mini project and oral presentation of this Report.
MCQ exam primarily based on the practical sessions.

Supervision

Office hours Yes
Assistant.e.s Yes

MRI Practicals on CIBM preclinical imaging systems
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Resources
Bibliography

In Vivo NMR Spectroscopy: Principles and Techniques (Robin de Graaf); Principles of Magnetic
Resonance Imaging: A Signal Processing Perspective (Zhi-Pei Liang & Paul C. Lauterbur)

1. Nuclear Magnetization (youtube.com)
magritek - YouTube

Ressources en bibliothéque

* Find the references at the Library

Références suggérées par la bibliothéque

» Magitrek (Youtube) /Magitrek
* Basics of In Vivo NMR (Youtube) / Robin de Graaf

Websites

* https://cibm.ch/
* https://www.epfl.ch/labs/mrs4brain/

Moodle Link
* https://go.epfl.ch/PHYS-473

Videos

* https://www.epfl.ch/labs/mrs4brain/links/live-demos/

MRI Practicals on CIBM preclinical imaging systems
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PHYS-467 Machine learning for physicists
Zdeborova Lenka
Cursus Sem. Type Language of English
Chimiste MA1, MA3 Opt. teaching
Ing.-phys MA1, MA3  Opt. credis 6
= Session Winter
Physicien MA1, MA3 Opt. SETTESET Fall
Quantum Science and Engineering MA1, MA3  Opt. Exam Written
Workload 180h
Weeks 14
Hours 5 weekly
Courses 2 weekly
Exercises 2 weekly
Project 1 weekly
Number of
positions
Summary

Machine learning and data analysis are central in sciences including physics. In this course, fundamental principles and
methods of machine learning will be introduced and practised.

Content

Machine Learning for Physicists introduces the foundations of machine learning from a physicist's#s point of view. The
course starts with the main types of machine-learning problems -- supervised, unsupervised, self-supervised and
reinforcement learning -- while focusing mainly on the first three. We begin with linear regression, least squares, matrix
notation, regularization, ridge and polynomial regression, validation, overfitting, and underfitting. We then develop the
probabilistic view of learning through Bayesian inference, maximum likelihood, maximum a posteriori estimation, and the
interpretation of losses and regularization in terms of noise models and priors, including robust regression and LASSO.

The course covers optimization methods used in machine learning, including gradient descent, stochastic gradient
descent, momentum, adaptive learning rates, Adam and AdamW. Classification is introduced through linear classifiers,
logistic regression, multiclass classification, softmax and cross-entropy loss, nonlinearly separable data,
nearest-neighbour methods and the curse of dimensionality.

Unsupervised learning is studied through dimensionality reduction, SVD, low-rank approximation, matrix completion,
PCA and clustering, including k-means and Gaussian mixture models. A recurring theme is the connection between
inference in high dimensions and statistical physics: posterior distributions as Boltzmann measures, MAP estimation as a
ground-state problem, Bayes-optimal estimators, Monte Carlo Markov chains, Metropolis-Hastings, Gibbs sampling,
simulated annealing, Langevin sampling and expectation maximization.

The second part of the course introduces nonlinear machine-learning methods: feature maps, kernel methods, support
vector machines, random features, feed-forward neural networks, universal approximation, backpropagation and deep
neural networks. Convolutional networks are presented through locality, weight sharing, pooling layers and classical
image-classification architectures.

Modern architectures are introduced through transformers. The course covers tokenization, embeddings, positional
encodings, dot-product self-attention, multi-head attention, computational complexity, layer normalization, residual
connections, and the GPT-style next-token prediction architecture. We also discuss practical and conceptual aspects of
modern deep learning, including data augmentation, transfer learning, fine-tuning, low-rank adaptation,
overparameterization, double descent, implicit regularization, adversarial examples and calibration. The final part
introduces self-supervised and generative models, including autoencoders, Boltzmann machines, restricted Boltzmann
machines, autoregressive models and diffusion models.

Learning Prerequisites
Important concepts to start the course
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Basic notions in probability, analysis and basic familiarity with programming. Some notions of statistical
physics will be used to support this lecture.

Learning Outcomes

By the end of the course, the student must be able to:
* Use basic tools for data analysis and for learning from data
* Explain basic principles of data analysis and learning from data
« List and explain machine learning tools suited for a given problem.

Teaching methods

2h of lecture + 2h of excercise (exercise mostly with a computer)

Assessment methods

Final written exam counting for 70% and work during the semester counting for the other 30%.

Resources
Bibliography

A high-bias, low-variance introduction to Machine Learning for physicists. Pankaj Mehta, Marin Bukov,
Ching-Hao Wang, Alexandre G.R. Day, Clint Richardson, Charles K. Fisher, David J. Schwab,
https://arxiv.org/abs/1803.08823.

Text book "Information Theory, Inference, and Learning Algorithms" by David MacKay.
Polycopie of the lecture available in Moodle.

Ressources en bibliothéque

* Find the references at the Library

Références suggérées par la bibliothéque

* Information Theory, Inference, and Learning Algorithms / MacKay

* A high-bias, low-variance introduction to Machine Learning for physicists / Mehta, Bukov, Wang, Day, Richardson,
Fisher & Schwab

Notes/Handbook
Detailed notes available in Moodle.

Moodle Link
* https://go.epfl.ch/PHYS-467

Videos

* http://Available in mediaspace.
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PHYS-491 Magnetism in materials
Zivkovic lvica
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. credis :
Session Summer
Semester Spring
Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

The lectures will provide an introduction to magnetism in materials, covering fundamentals of spin and orbital degrees of
freedom, interactions between moments and some typical ordering patterns. Selected experimental techniques and their
application in current research will be presented.

Content

. Introduction (spin and orbital moments, Pauli matrices)

. Isolated magnetic moments (diamagnetism, paramagnetism, Hund rules)

. Crystal fields (ligand environment of magnetic ions, Jahn-Teller effect)

. Interactions (dipole, direct exchange, super-exchange, anisotropic and asymmetric exchange)
. Long-range magnetic order (ferromagnetism, Weiss model, critical behavior, excitations)
. Long-range magnetic order (antiferromagnetism, incommensurate order, spin-glass)

. Magnetism in metals (Pauli paramagnetism, Stoner mechanism, Landau levels)

. Magnetism in metals (spin-density wave, RKKY, Kondo effect)

. Measurement techniques 1 (magnetization, susceptibility)

10. Measurement techniques 2 (specific heat, ESR)

11. Measurement techniques 3 (NMR, muSR)

©oO~NOO O~ WN-=-

Learning Prerequisites

Required courses

Classical electrodynamics
Quantum Physics 1

Recommended courses

Quantum Physics 2
Solid State Physics 1
Solid State Physics 2

Learning Outcomes

By the end of the course, the student must be able to:
* Define fundamental sources of magnetism
* Explain the behavior of magnetic moments in magnetic fields
» Work out / Determine spin states from ligand environment
* Elaborate common magnetic interactions and their properties
« Contrast typical long-range ordered states in magnetism
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* Discuss how magnetism arises in metals
» Demonstrate similarities and differences in low-dimensional magnetic systems
« Specify the role of a given experimental technique in investigation of magnetic materials

Transversal skills

» Demonstrate the capacity for critical thinking
* Summarize an article or a technical report.
* Make an oral presentation.

Teaching methods

Lectures with exercises.

Assessment methods

Oral exam.

Supervision

Office hours Yes
Assistant.e.s Yes
Others Office hours: appointments can be arranged by email.
Resources
Bibliography

"Magnetism in Condensed Matter Physics", Stephen Blundell (Oxford University Press, 2001)

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-491
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Language of
teaching

Credits
Session
Semester
Exam
Workload
Weeks
Hours
Courses
Exercises

Number of
positions

cPFL

English

4
Winter
Fall

Oral
120h

14

4 weekly
2 weekly
2 weekly

PHYS-469 Mathematical aspects of quantum physics
Bossoney Simon
Cursus Sem. Type
Ing.-phys MA1, MA3 Opt.
Physicien MA1, MA3 Opt.
Summary
This lecture is a more advanced course in fonctionnel Analysis, presenting techniques with spécial interests for quantum
Mechanics
Content

Nuclear spaces
Schwartz Nuclear théorém.
Nuclear spectral théorem.

Functionnal intégration
Brownian motions
Bochner-Minlos théorém.

Keywords

distributions.
family of semi-norms
functionnal integration

Learning Prerequisites

Required courses

Analysis 1to 4

Advanced linear algebra
mathematical methods for physicists
Quantum mechanic | and Il

Important concepts to start the course

Basic topology
Hilbert and Banach spaces
Lebesgue integration

Learning Outcomes

By the end of the course, the student must be able to:

* Transcribe physics in math
* Develop

Mathematical aspects of quantum physics
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* Model

Transversal skills

« Continue to work through difficulties or initial failure to find optimal solutions.

» Demonstrate the capacity for critical thinking
» Demonstrate a capacity for creativity.

« Communicate effectively, being understood, including across different languages and cultures.

Teaching methods

Ex-cathedra

Expected student activities

The students are expected to participate actively in the lecture.

Assessment methods

The exam will be in oral form.

Resources

Virtual desktop infrastructure (VDI)
No

Bibliography

Kaballo: "aufbaukurs in Funktionalanalysis"

Wightmann "spin, statistics and all that"
Hida "brownian motion"

Ressources en bibliothéque

* Find the references at the Library

Notes/Handbook
not yet but under construction

Websites
* http://not met

Videos

* http://not met but under construction

Prerequisite for

Research in mathematical or theoretical physics

Mathematical aspects of quantum physics

cPFL
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QUANT-410 Microwave engineering in physics
Manucharyan Vladimir
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. lrelliz 5
. - - Session Summer
Quantum Science and Engineering MA2, MA4 Opt. Semester Spring
Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 1 weekly
Project 1 weekly
Number of
positions
Summary

This course aims at teaching basic notions and tricks of microwave engineering to students with only an elementary
knowledge of applied electromagnetism. Emphasis is made on topics that often arise in modern physics experiments,
including quantum science and technology research.

Content

* Review of basic notions in electromagnetism

» Lumped element circuits, impedance, telegrapher's equation, impedance matching
* Transmission lines

* Introduction to network analysis

* Impedance transformers

* Resonators

» Power dividers and hybrid couplers

* Non-reciprocal devices

* Noise in linear and non-linear circuits

* Amplifiers

» Microwave systems and system noise temperature
* Radiometry

Keywords

Microwaves, low-noise measurements

Learning Prerequisites

Required courses
Linear algebra, calculus, differential equations, electromagnetism

Important concepts to start the course
Working knowledge of complex numbers, calculus, and linear algebra; in-depth understanding of classical
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Maxwell's equations.

Learning Outcomes

By the end of the course, the student must be able to:
« Construct elementary microwaves-based measurement setups for table-top physics experiments
 Apply basic notions of electromagnetism to analyse microwave measurement setups

Teaching methods

Lectures and demonstration, simulation projects, possibility of in-lab projects

Expected student activities

Attending lectures, seminars, independent study, individual project study

Assessment methods

Oral final exam (project presentation)

Supervision

Office hours Yes
Assistant.e.s Yes
Resources

Bibliography

Course textbook: D. Pozar "Microwave engineering"
Course software: HFSS, Microwave Office

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/QUANT-410
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PHYS-442

Cursus
Ing.-phys
Physicien

Summary

Modeling and design of experiments

Fuerbringer Jean-Marie

Sem. Type
MA1, MA3 Opt.
MA1, MA3 Opt.

Language of
teaching

Credits
Session
Semester
Exam
Workload
Weeks
Hours
Courses
Exercises
Project

Number of
positions

cPFL

English

4
Winter
Fall

Oral
120h

14

4 weekly
2 weekly
1 weekly
1 weekly

In the academic or industrial world, to optimize a system, it is necessary to establish strategies for the experimental
approach. The DOE allows you to choose the best set of measurement points to minimize the variance of the results.
The concepts learned are applicable in all areas.

Content

» Fundamentals of DOE theory and data analysis

 Multilineal regression

» Greaco-Latin squares
* Placket-Burman designs
« Factorial and fractional factorial designs

« Surface response designs

* Mixture designs

Keywords

Design of experiments, ANOVA, Least square fit, Statistics, Multilineal regression, variance minimization

Learning Prerequisites

Recommended courses

Statistics, metrology

Important concepts to start the course

Basic statistical conceps such as average, variance, statistical distributions, Calculus, linear algebra
matriciel, Matlab or Python fundamentals, coding fundamentals

Learning Outcomes

By the end of the course, the student must be able to:

» Propose an empirical model in function of the experimental objectives

« Analyze an experimental situation and identify the critical elements from a statistical point of view

Modeling and design of experiments
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« Establish a design of experiments in relation with the candidate models and the experimental constraints

Transversal skills

* Plan and carry out activities in a way which makes optimal use of available time and other resources.
» Use a work methodology appropriate to the task.

» Demonstrate the capacity for critical thinking

» Use both general and domain specific IT resources and tools

Teaching methods

This course combines theoretical instruction with practical exercises and a hands-on application project:
» Theoretical Presentation: Core concepts and principles are introduced through lectures and discussions.

» Case Calculations and Analysis: Students apply theoretical knowledge to solve exercises, reinforcing learning
through calculation and critical analysis.

» Application Project: Each year, a unique project is assigned to the entire class.Students work in groups to complete
the project collaboratively. Project sessions are scheduled as two-hour blocks every two weeks (effectively one hour
per week, but condensed for deeper engagement).

This structure encourages active learning, teamwork, and the practical application of course concepts.

Expected student activities

» Synthesized the theoretical presentation in personal summary with concept maps
* Solve exercise problems

Assessment methods

1/3 Imposed project prepared and reported in group of 3 students
2/3 Oral exam concisting in presenting individually the project (1/3) and answering theoretical question (1/3)

Resources
Bibliography

* Box, G.E.P.; Hunter, J.S.; Hunter, W.G. Statistics for Experimenters; Wiley Series in Probability and
Mathematical Statistics, John Wyleyand Son, 1978.

» Montgomery, D.C. Design and analysis of experiments, 7th edition ed.; John Wyley and Son, 2009.
» Davison A.C.; Statistical model, Cambridge University Press in June 2003.
* Ryan Th.; Modern Experimental Design, John Wyley and Son, 2007.

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-442
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PHYS-504 Modern approaches to quantum gravity
Penedones Jodo Miguel, Henriksson Sten Johan, Vacat ., Vecchi Luca
Cursus Sem. Type Language of English
Physicien MA1, MA3 Opt. teaching
Physics Obl. Credis 8
Session Winter
Semester
Exam Oral
Workload 240h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Remark
MAS only
Summary

This course is an introduction to holography, the modern approach to quantum gravity. The 2026-2027 edition will consist
of 3 parts taught by 3 different external teachers.

Content

1. Confomal Field Theory
2. S-matrix Bootstrap
3. The strong CP problem

Keywords
Conformal Field Theory, S-matrix Bootstrap, AdS/CFT, holography

Learning Prerequisites

Required courses
General Relativity, Quantum Field Theory | and I

Recommended courses
Quantum Field Theory Il

Learning Outcomes

* Formulate conformal and S-matrix bootstrap problems

Transversal skills

« Continue to work through difficulties or initial failure to find optimal solutions.
» Assess one's own level of skill acquisition, and plan their on-going learning goals.

Teaching methods
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Lectures + exercise sessions
Assessment methods
oral exam

Supervision

Assistant.e.s Yes

Resources
Moodle Link
* https://go.epfl.ch/PHYS-504
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PHYS-640 Neutron and X-ray Scattering of Quantum Materials
Lacmann Tom, Rgnnow Henrik M., Schmitt Thorsten
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Nuclear engineering MA1 Opt. Credits 4
- Session Winter
Physicien MA1, MA3 Opt. SETTESET Fall
Physics Opt. Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Remark

Next time: Fall

Summary

Neutron and X-ray scattering are some of the most powerful and versatile experimental methods to study the structure
and dynamics of materials on the atomic scale. This course covers basic theory, instrumentation and scientific
applications of these experimental methods.

Content

The application of neutron and X-ray scattering spans from crystalline matter to bio-materials and engineering, including
fields like magnetism and superconductivity. Similar to the vast possibilities with X-rays at synchrotron facilities like the
Swiss Light Source at the Paul Scherrer Institute (PSl) in Switzerland, the European Synchrotron Radiation Facility in
Grenoble, neutron scattering is a large-scale-facility technique with neutron sources among others at PSl in Switzerland,
the Institute Laue-Langevin in Grenoble and a new joint European Spallation Source under construction in Sweden. The
course provides an introduction to the dynamic experimental techniques of neutron and X-ray scattering and covers the
following aspects:

1) Theory of the neutron scattering cross section

2) Neutron sources and neutron instrumentation

3) Neutron imaging, neutron reflectivity and neutron small angle scattering
4) Neutron diffraction, crystal structures

5) Inelastic neutron scattering, phonons

6) Magnetic neutron scattering, magnetic structures

7) Inelastic magnetic neutron scattering, magnetic dynamics

8) Theory of the interaction between X-rays and matter

9) X-ray sources and X-ray instrumentation

10) X-ray absorption spectroscopy

11) X-ray emission spectroscopy and Resonant Inelastic X-ray Scattering (RIXS)
12) Resonant Elastic X-ray Scattering (REXS)

13) Inelastic X-ray Scattering

14) Time resolved pump-probe X-ray spectroscopy

The course contains lectures and exercise sessions. Exercise sessions will contain derivation of relevant formulas,
Monte-Carlo simulation of neutron scattering experiments, and discussions of representative scientific articles using

X-ray and neutron scattering techniques.

The course includes performing a real neutron or X-ray experiment and a tour of the large-scale experimental research
facilities at the PSI.

Keywords
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Neutron Scattering, X-ray scattering, X-ray spectroscopy, diffraction, crystal structures, lattice vibrations, phonons,
magnetism, spin waves, magnons, neutron imaging

Learning Prerequisites
Required courses
Solid State Physics 1 and 2, basic quantum mechanics and basic atomic physics

Recommended courses
Magnetism in Materials

Learning Outcomes

By the end of the course, the student must be able to:
* Plan, predict and interpret neutron scattering experiments
* Read and evaluate articles containing neutron scattering results
« predict and interpret neutron and X-ray scattering experiments.
» Read and evaluate articles containing neutron and X-ray scattering results
* Plan, predict and interpret neutron and X-ray scattering experiments.
* Read and evaluate articles containing neutron and X-ray scattering results.

Assessment methods
Oral

Resources
Bibliography

"Elements of Modern X-ray Physics"## by Des McMorrow and Jens Als-Nielsen (2nd edition)
"Neutron scattering - Theory, Instrumentation and Simulation"##, lecture notes by Kim Lefmann
Relevant scientific articles

Ressources en bibliothéque

* Find the references at the Library

Références suggérées par la bibliothéque

* Neutron scattering : Theory, Instrumentation and Simulation / Lefmann

Websites
* https://lgm.epfl.ch

Moodle Link
* https://go.epfl.ch/PHYS-640
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PHYS-460 Nonlinear dynamics, chaos and complex systems
Février Olivier
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. credis 6
Session Summer
Semester Spring
Exam Oral
Workload 180h
Weeks 14
Hours 5 weekly
Courses 3 weekly
Exercises 2 weekly
Number of
positions
Summary

The course provides students with the tools to approach the study of nonlinear systems and chaotic dynamics. Emphasis
is given to concrete examples and numerical applications are carried out during the exercise sessions.

Content

The course consists of three parts.

Part 1: Nonlinear dynamics

- One-dimensional and two-dimensional systems, phase-plane analysis, elementary bifurcations, limit cycles, and Hopf
bifurcations

Part 2: Chaos

- Lorenz system and chaotic dynamics

- lterated maps, period-doubling, chaos, universality
- Fractals

- Strange attractors

Part 3: Introduction to complex systems

- The science of complexity

- Examples of complex systems, networks, etc.

Keywords
Chaos, Nonlinear systems, Complex system, Fractals, Differential equations, Bifurcations.

Learning Prerequisites

Required courses
Introductory Physics and Math courses.

Learning Outcomes

By the end of the course, the student must be able to:
» Manipulate the fundamental elements of nonlinear systems and chaotic dynamics

Teaching methods

Ex cathedra and exercises in class.

Assessment methods
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Oral Exam

Resources
Bibliography
- S.H. Strogatz, Nonlinear dynamics and chaos, with application to Physics, Biology, Chmistry, and
Engineering, Second Edition, Westwiew Press.
- P.G. Drazin, Nonlinear systems, Cambridge University Press.
- M.W. Hirsch, S. Smale, and R.L. Devaney, Differential equations, dynamical systems, and an introduction
to chaos, Elsevier.
- M. Dichter, Student solutions manual for Nonlinear dynamics and chaos, Westview Press.

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-460
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PHYS-470 Nonlinear optics for quantum technologies
Galland Christophe
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Microtechnics MA2, MA4 Opt. Credits 4
. . i . . Session Summer
Minor in Quantum Science and Engineering E Opt. Semester Spring
Photonics minor E Opt. Exam Written
Photonics Opt. vaz(;k!:ad 14210h
Physicien MA2, MA4 Opt. Hours 4 weekly
Quantum Science and Engineering MA2, MA4  Opt. Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

This course provides the fundamental knowledge and theoretical tools needed to deal with nonlinear optical interactions,
covering both classical and quantum theory of nonlinear optics.

Content

Nonlinear optics is used for the generation and conversion of quantum states of light, with numerous applications in
quantum technologies. In parallel, the development of photonic integrated circuits and micro/nano-cavities offers new
opportunities to boost and tailor nonlinear effects. Finally, nonlinear spectroscopy on molecules and nanomaterials is a
power ful tool to probe their electronic and vibrational properties. This course covers the fundamental knowledge needed
to understand these contemporary developments.

Fundamentals of nonlinear optics

* Reminders: wave propagation in a linear medium with dispersion

» Wave propagation in a nonlinear medium and phase matching conditions

» The nonlinear susceptibility tensor and crystal symmetries

» Generation of coherent states at new frequencies (second harmonic, sum- and difference frequency, etc.)

Quantum theory of nonlinear optics and its applications

» Quantum theory of the nonlinear susceptibility (first quantisation, semi-classical treatment). Particular case of the
two-level system.

 Quantization of the electromagnetic field

« Effective Hamiltonian of nonlinear interactions

» Generation of nonclassical states of light: the case of parametric down conversion
* The joint spectral amplitude and the two-mode squeezed state

* Integrated nonlinear optics in waveguides and cavities

* Application to quantum frequency conversion, quantum networks, etc.

Invited seminars and tutorials from researchers active in some of these fields (quantum frequency conversion,
integrated quantum optics, etc.) will enrich the course with practical examples from contemporary research.

Keywords

Nonlinear optics, quantum optics, photonics, quantum technologies, integrated optics, optical spectroscopy

Learning Prerequisites
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Required courses

Classical electrodynamics (or any equivalent introduction to optical waves in a medium)
Quantum mechanics (perturbation theory and the harmonic oscillator)

Recommended courses

A solid background in the following areas is highly recommended: Classical Electromagnetism
and Electrodynamics (Maxwell equations, light-matter interaction), Wave mechanics, Fundamentals of
Optics.

Important concepts to start the course

Classical Electromagnetism and Electrodynamics (Maxwell equations, light-matter interaction), Wave
mechanics, Fundamentals of Optics.

Learning Outcomes

By the end of the course, the student must be able to:
* Define the different types of nonlinear interactions of light with a medium
» Describe the macroscopic manifestation and microscopic origin of nonlinear susceptibility
* Model wave propagation in linear and nonlinear media, in waveguides and low-dimensional geometries
* Predict the efficiency of different nonlinear effects in different geometries
* Explain how to derive a quantum theory of nonlinear optics
» Develop models of nonclassical state generation based on nonlinear optics
» Formulate quantum models of nonlinear optical interactions
» Compute wave propagation in linear and nonlinear media, in waveguides and low-dimensional geometries
* Describe applications of nonlinear optics in classical and quantum technologies
* Predict the quantum state of light generated by a specific nonlinear process

Transversal skills

» Use a work methodology appropriate to the task.

» Demonstrate a capacity for creativity.

* Take feedback (critique) and respond in an appropriate manner.

» Use both general and domain specific IT resources and tools

« Continue to work through difficulties or initial failure to find optimal solutions.
* Make an oral presentation.

« Summarize an article or a technical report.

Teaching methods

The course will be interactive, with an alternance of blackboard and slide lecturing, hands-on student exercises,
questions and discussions. Active participation is expected.

Research seminars by external experts will establish a closer connection to contemporary research and illustrate the
concepts seen in the course.

Expected student activities

Self-study before/after the lecture, active participation, asking questions, solving exercises, studying and presenting
research papers

Assessment methods
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Final written exam.

Supervision

Office hours Yes

Assistant.e.s Yes

Forum Yes

Resources
Virtual desktop infrastructure (VDI)
No
Bibliography

* P. N. Butcher and D. Cotter, The elements of nonlinear optics

* Robert Boyd: Nonlinear Optics

* Francois Hache: Optique Non Linéaire

* G Grynberg, A Aspect and C Fabre, Introduction to Quantum Optics
» J. D. Jackson, Classical electrodynamics

 J. Vanderlinde, Classical Electromagnetic Theory

* B. E. A. Saleh and M. C. Teich, Fundamentals of Photonics

Ressources en bibliotheque

* Find the references at the Library

Notes/Handbook
Hand-written notes recorded on the tablet + slides.

Moodle Link
* https://go.epfl.ch/PHYS-470

Nonlinear optics for quantum technologies
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PHYS-445 Nuclear fusion and plasma physics
Fasoli Ambrogio
Cursus Sem. Type Language of English
Auditeurs en ligne H Opt. teaching
Energy Science and Technology MA1, MA3 Opt. lrelliz “
Session Winter
Ing.-phys MA1, MA3 Opt. SETTESET Fall
Nuclear engineering MA1 Opt. Exam Oral
. Workload 120h
Physicien MA1, MA3 Opt. Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

The goal of the course is to provide the physics and technology basis for controlled fusion research, from the main
elements of plasma physics to the reactor concepts.

Content

1) Basics of thermonuclear fusion

2) The plasma state and its collective effects

3) Charged particle motion and collisional effects

4) Fluid description of a plasma

5) Plasma equilibrium and stability

6) Magnetic confinement: Tokamak and Stellarator

7) Waves in plasma

8) Wave-particle interactions

9) Heating and non inductive current drive by radio frequency waves
10) Heating and non inductive current drive by neutral particle beams
11) Material science and technology: Low and high Temperature superconductor - Properties of material under
irradiation

12) Some nuclear aspects of a fusion reactor: Tritium production

13) Licensing a fusion reactor: safety, nuclear waste

14) Inertial confinement

Learning Prerequisites

Recommended courses
Basicknowledge of electricity and magnetism, and of simple concepts of fluids

Learning Outcomes

By the end of the course, the student must be able to:
« Identify the main physics challenges on the way to fusion
* Design the main elements of a fusion reactor
* Identify the main technological challenges of fusion

Teaching methods

Ex cathedra and in-class exercises

Assessment methods
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oral examen (100%)

Resources
Websites

* https://spcnet.epfl.ch/nuclfus/

Moodle Link
* https://go.epfl.ch/PHYS-445
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PHYS-440 Particle detection
Haefeli Guido
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Physicien MA1, MA3  Opt. credis ¢
Session Winter
Semester Fall
Exam During the
semester
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

The course will cover the physics of particle detectors. It will introduce the experimental techniques used in nuclear and
particle physics. The lecture includes the interaction of particles with matter, scintillators, gas detectors, silicon detectors,
detectors for particle ID and photo-detectors.

Content

Interaction of particles in matter: ionization (Bethe-Bloch formula), interaction of electrons and photons
(electromagnetic showers, radiation length and critical energy).

General characteristics of detectors: linearity, efficiency, resolution and Fano factor.

Gas detectors: ionization, proportional and Geiger-Muller counters, multiwire proportional, drift and time-projection
chambers, micro-pattern gas detectors.

Semiconductor detectors: pn junction, silicon and germanium diode detectors, silicon microstrip and pixel detectors.
Scintillators: organic and inorganic scintillators, wavelength shifters and light guides.

Photodetectors: photomultipliers, solid state photodetectors as SiPMs.

Applications: momentum measurement in magnetic fields, calorimetry, particle identification.

Learning Prerequisites

Recommended courses
Elementary particle I, knowledge in nuclear and particle physics

Learning Outcomes

By the end of the course, the student must be able to:
» Categorize processes
» Describe energy deposite processes
* Quantify availabe signal

Transversal skills

» Communicate effectively with professionals from other disciplines.

Teaching methods

Slides, blackboard and exercises in class
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Assessment methods

Semester work report evaluation 2/3 and presentation 1/3

Supervision

Office hours No
Assistant.e.s No
Forum No
Others During exercises and at office if requried
Resources
Bibliography

K.Kleinknecht: Detectors for Particle Radiation, Cambridge
W.R.Leo: Techniques for Nuclear and Particle Physics Experiments, Springer

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-440
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PHYS-415 Particle physics |
Dufour Laurent
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Physicien MA1, MA3  Opt. credis ¢
Session Winter
Semester Fall
Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

Presentation of particle properties, their symmetries and interactions. Introduction to quantum electrodynamics and to the
Feynman rules.

Content

Introduction:

The Standard Model, a step toward Grand Unification.
Particle detection, accelerators.

Relativity, Klein-Gordon and Dirac equations.

Properties of particles:
Mass, charge, lifetime, spin, magnetic moment,...

Symmetries, conservation laws, and the quark model:
Invariance under space translation and rotation, parity, time reversal and charge conjugation. Violation of parity and CP,
CPT theorem. Isospin.

QED:

Introduction to QED. Feynman rules. Introduction to the concept of form factors.

Tests of QED:

Electron-positron annihilation. Electron-proton scattering. Deep inelastic scattering and proton substructure.
Interpretation of the natural width of the neutral force carrier of the electroweak interaction.

Learning Prerequisites

Recommended courses
Nuclear and Particle Physics | and Il, Quantum mechanics | and Il

Learning Outcomes

By the end of the course, the student must be able to:
* Analyze sub-microscopical phenomena

Teaching methods

Ex cathedra and exercises in class

Assessment methods
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written exam during the semester (50%) + oral exam during exam session (50%)

Supervision

Assistant.e.s Yes

Resources
Bibliography
Mark Thomson, "Modern Particle Physics" (2013)

Ressources en bibliothéque

* Find the references at the Library

Websites
* http://pdg.Ibl.gov/

Moodle Link
* https://go.epfl.ch/PHYS-415
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PHYS-416 Particle physics Il
Shchutska Lesya
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. credis :
Session Summer
Semester Spring
Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

This course aims to make students familiar and comfortable with the main concepts of particle physics, providing a clear
connection between the theory and relevant experimental results, including the most recent ones from modern particle
physics experiments.

Content

* Quantum chromodynamics (QCD)

» Weak interaction

* Neutrinos and neutrino oscillations

* CP violation and weak interaction of hadrons
* Electroweak unification

* Precision tests of standard model

» Higgs boson: theory and discovery

 Dark matter and BSM theories

Learning Prerequisites

Recommended courses
Nuclear and Particle Physics | and II, Quantum mechanics | and Il, Particle Physics |

Learning Outcomes

By the end of the course, the student must be able to:
» Operate with the main concepts
* Describe processes in particle physics with the help of Feynman diagrams
* Solve related exercises

Teaching methods

Ex cathedra and exercises in class

Assessment methods

oral exam (100%)

Particle physics Il Page 1/2



2026-2027 COURSE BOOKLET
cPFL

Supervision

Office hours No
Assistant.e.s Yes
Forum Yes
Resources

Bibliography

Mark Thomson, "Modern Particle Physics" (2013)

Ressources en bibliothéque

* Find the references at the Library

Websites
* http://pdg.Ibl.gov/

Moodle Link
* https://go.epfl.ch/PHYS-416

Videos
* https://mediaspace.epfl.ch/channel/PHYS-416+Particle+physics+11/30383
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PHYS-471 Particle physics: the flavour frontiers
Marchevski Radoslav
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. credis 4
Session Summer
Semester Spring
Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

This course will present experimental aspects of flavour physics primarily in the quark sector but also in the lepton sector
and their role in the development of the Standard Model of particle physics.

Content

Important historical developments will be discussed, including key flavour physics observables and past experiment built
to measure them. The course will delve into present state-of-the-art research and its unresolved problems and will
discuss possible ways to address them at present and future flavour physics experiments.

Introduction

key theoretical concepts: the Standard Model, weak interactions, the Yukawa sector, quark-mixing matrix, Unitarity
triangles, CP violation

Experimental aspects of flavour physics

past and present flavour-physics facilities and experiments, particle production at accelerators, main experimental
principles

Flavour physics in the quark sector

meson decays, neutral meson oscillations, measurements of the angles of the Unitarity triangle, CP violation in meson
decays, rare decays of K, B, and D mesons,

Test of the standard model and beyond

CKM fits, New physics flavour puzzle, Lepton Flavour Universality tests, charged lepton flavour violation

Keywords

flavour physics, particle physics, quark mixing, CP violation, meson decays

Learning Prerequisites

Recommended courses

Nuclear and Particle Physics | and Il, Quantum mechanics | and Il, Particle Physics |. Quantum Field
Theory | is also recommended.

Learning Outcomes

By the end of the course, the student must be able to:
* Analyze the sub-atomic physical phenomena
* Elaborate on modern experimental methods in flavour physics

Teaching methods
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Ex cathedra and exercises in class

Assessment methods

during the semester : written exam at the end of the semester (50%) + exam sessesion : oral exam (50%)

Supervision

Assistant.e.s Yes

Resources
Bibliography

Sozzi: Discrete symmetries and CP violation (oriented towards experiment)
Sanda and Bigi: CP violation (oriented towards theory and phenomenology)
Yuval Grossman, Philip Tanedo:Lectures on flavour physics (oriented towards theory)

Ressources en bibliotheque

* Find the references at the Library

Références suggérées par la bibliothéque

* Lectures on flavour physics / Grossman Tanedo [arXiv]

Websites
* https://pdg.lbl.gov/
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PHYS-468 Physics of life
Stahlberg Henning
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Life Sciences Engineering MA2, MA4 Opt. lrelliz 5
= Session Summer
Physicien MA2, MA4 Opt. SETTESET Spring
Exam Written
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

Life has emerged on our planet from physical principles such as molecular self-organization, thermodynamics,
stochastics and iterative refinement. This course will introduce the physical methods to study life and will discuss the
quantitative and physical concepts that make life possible.

Content

* The structural organization of life

* Protein purification

» ATP Synthase as an example for a fascinating bio-energy converter

* Protein folding principles

» Membrane potential, proton-motive force

« Surface effects, osmosis, capillary forces

» Water channels, ion channels, Photosynthesis at the molecular level

* Electron microscopy in Life Sciences

* Mechanisms of neurodegeneration as seen by electron microscopes

» Hydrodynamic methods, viscosity, cell sorting

» Mass spectrometrty

+ Atomic force microscopy (AFM), X-ray spectroscopy and X-ray tomography / ptychography
» Radiation Biophysics, the positive and damaging interaction of radiation with life

* Interactions between particle beams and living matter (Light, X-rays, OCT), Free Electron Laser

Learning Prerequisites
Recommended courses

* Biophysics: physics of the cell (P. De Los Rios, S. Manley, BA6)
* Biophysics: physics of biological systems (S. Rahi, MA1)

Important concepts to start the course

» Thermodynamics, Fourier transformation

Learning Outcomes
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By the end of the course, the student must be able to:
* Describe the molecules and structural arrangement of modern biological cells
 Describe and quantitatively understand the physical mechanisms that drive living organisms.
« Explain the biophysical tools used to study the molecules of life and interpret their data.
* Describe the molecules and structural arrangement of modern biological cells.
* Describe and quantitatively understand the physical mechanisms that drive living organisms.
« Explain the biophysical tools used to study the molecules of life and interpret their data.

Teaching methods

» 2 hours of class + 2 hour of exercises

Expected student activities

During the exercises, questions relevant to the topics of the previous lecture will be presented. Students then have 30
minutes time to prepare answers to these questions. After that, we will together discuss the different questions and the
developed answers. These questions are templates for the style and topics of the questions of the exam.

Assessment methods

* The course grading is composed of a final written exam

Resources
Bibliography
» David Sheehan: Physical Biochemistry, Principles and Applications (Wiley, 2013)

Ressources en bibliotheque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-468
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PHYS-474 Physics of low dimensional materials
Wackerlin Christian
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. lrelliz 5
Session Summer
Semester Spring
Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

This course covers the concepts and physics of matter at reduced dimensions. The fabrication and characterization as
well as their potential application is discussed. The critical review and presentation of scientific publications is trained.

Content

 Low-dimensional properties in 3D materials: Bulk materials that can be thought of as effectively 2D or 1D

* Artificial low-D materials in solid state: heterostructures, 2D electron gasses, superlattices

« Single-layer low-D materials: overview and fabrication (top-down, bottom-up)

 Analysis and characterization by scanning probe microscopy, photoemission and other surface analytical methods

* Quantum transport

* Polyacetylene - a prototypical 1D material

* Electronic transport/band structure at reduced dimension

« Surface states, topological effects

» Magnetism at reduced dimensions: Magnetic ordering, single molecule magnetism

* Physics of 2D and 1D carbon allotropes: graphene and graphene nanoribbon

Learning Prerequisites

Recommended courses
Basic knowledge in solid state physics

Learning Outcomes

Physics of low dimensional materials Page 1/2



2026-2027 COURSE BOOKLET
cPFL
By the end of the course, the student must be able to:
* Explain the differences of solid state at reduced dimensions with respect to bulk matter
« Critique a scientific publication/result
* Interpret knowledge of several specific experimental methods

Transversal skills

» Demonstrate the capacity for critical thinking

« Summarize an article or a technical report.

* Make an oral presentation.

» Use a work methodology appropriate to the task.

» Access and evaluate appropriate sources of information.

Teaching methods

Ex cathedra with exercises in class.
Students' presentations of scientific articles.

Assessment methods

50% oral exam, 25% exercises, 25% student presentation
Student presentation: each student reviews and presents a paper that is critically discussed in class.

Supervision

Office hours No

Assistant.e.s No

Forum No

Resources
Virtual desktop infrastructure (VDI)
No
Moodle Link

* https://go.epfl.ch/PHYS-474
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PHYS-478 Physics of magnetic resonance imaging
Karampinos Dimitrios

Cursus Sem. Type Language of English
Biomedical technologies minor E Opt. teaching
Electrical and Electronical Engineering MA2, MA4 Opt. Credits 4

Session Summer
Ing.-phys MA2, MA4 Opt. Semester Spring
Life Sciences Engineering MA2, MA4 Opt. Exam Written

. . . Workload 120h
Minor in Imaging E Opt. Weeks 14
Neuro-X minor E Opt. Hours 4 weekly
Neuro-X MA2, MA4  Opt. courses 2 weekly
o Exercises 2 weekly

Physicien MA2, MA4 Opt. Number of

positions
Summary

The goal of this course is to develop a fundamental understanding of the physical principles underlying signal acquisition,
image formation and reconstruction in magnetic resonance imaging (MRI) and to demonstrate how these principles
enable modern biomedical imaging techniques and applications.

Content

Magnetic resonance imaging (MRI) is a widely used, non-ionizing medical imaging modality that provides exceptional
soft-tissue contrast. MRI enables the non-invasive visualization of anatomical structures and physiological processes in
both clinical medicine and biomedical research.

The present course focuses on the fundamental physical principles of MRI. It covers the physics of MRI signal
generation, the principles of spatial encoding and image formation, the mechanisms affecting image contrast, and the
mathematical foundations of image reconstruction. In addition, the course examines the key factors that influence image
quality, common imaging artifacts and their underlying causes, as well as state-of-the-art techniques for accelerating MRI
acquisitions.

By the end of the course, students will have a solid understanding of the physical principles underlying MRI signal
acquisition, image formation and image reconstruction. They will be able to relate these principles to image quality,
recognize common sources of image artifacts, and understand the fundamental concepts behind modern MRI methods
used in biomedical imaging applications.

The course follows the outline below:

1. Introduction of MRI applications and basics of MRI hardware

2. Introduction to signal generation: nuclear magnetic moments, bulk magnetization, spin precession, chemical shift,
resonance condition for radiofrequency (RF) excitation, RF pulse characteristics

3. Signal generation: rotating frame of reference, Bloch equation, on resonance excitation, rotation of magnetization
vector after an RF pulse

4. Signal detection: free precession, introduction to relaxation, detection principles, signal expression, free induction
decay

5. Signal characteristics: RF echo, gradient echo

6. Signal localization I: slice selection, spatial encoding (frequency and phase encoding)

7. Signal localization Il: k-space encoding, 1D imaging, 2D imaging, 3D imaging

8. Image contrast: introduction to image contrast, saturation recovery sequence, inversion recovery sequence, basic spin
echo imaging, basic gradient echo imaging

9. Sampling and image reconstruction: sampling of k-space, basic theory of image reconstruction, infinite sampling, finite
sampling

10. Reconstruction, resolution and SNR: reconstruction from FT samples, point spread function, image noise and SNR
11. Artifacts: Gibbs ringing, aliasing, chemical shift artifact, motion artifacts

12. Fast imaging acquisition techniques: turbo spin echo imaging, echo planar imaging

13. Acceleration techniques: parallel imaging, compressed sensing, machine learning

14. Optimization of MRI measurements: protocol optimization considering resolution-SNR-scan time trade-off in specific
applications

Keywords
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Nuclear magnetic resonance, biomedical imaging, pulse sequence design, image reconstruction

Learning Prerequisites

Required courses

Analysis I-llI
General physics

Recommended courses

Signals and systems | and |l
Image processing |
Introduction to biomedical imaging

Important concepts to start the course
Basics of Fourier transform

Learning Outcomes
By the end of the course, the student must be able to:
* Explain the physical principles underlying nuclear magnetic resonance
* Describe the signal generation and detection process in magnetic resonance
* Analyze the most important types of MR signals
» Deduce the image formation process in MRI
* Describe the basic image reconstruction techniques used in modern MRI
* Analyze the most important factors affecting resolution and SNR in MRI
* Interpret the relationship between pulse sequence parameters and image contrast
« Differentiate the most important artifacts in MR images
* Discuss the most important approaches to accelerate MRI experiments
* Derive the most important considerations in MRI protocol optimization

Transversal skills

» Use a work methodology appropriate to the task.
 Plan and carry out activities in a way which makes optimal use of available time and other resources.

Teaching methods

Lectures, experimental demonstrations and exercises

Assessment methods

A written exam

Resources
Bibliography

Principles of Magnetic Resonance Imaging: a signal processing perspective by Zhi-Pei Liang and Paul
Lauterbur

Websites

* https://www.epfl.ch/labs/mrism/
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* https://cibm.ch/

Moodle Link
* https://go.epfl.ch/PHYS-478
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PHYS-307 Physics of materials
La Grange Thomas
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Physicien MA1, MA3  Opt. credis ¢
Session Winter
Semester Fall
Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

This course discusses materials physics associated with the mechanical and structural properties of solids, primarily
focusing on the physics of dislocation defect dynamics and linking diffusion kinetics to the fundamental physics of phase
transformations.

Content

1. Materials, definitions, structure

Binding energy in metals, ceramics and polymers. Crystal structure and amorphous materials. Theory of elasticity: stress
and strain fields.

2. Diffusion

Diffusion in alloys. Physical and chemical diffusion.

3. Plastic deformation and dislocations

Phenomenology. Deformation of single crystals. Burgers' vector. Elasticity theory: interactions among dislocations.
Creation and annihilation of dislocations.

4. Dislocation dynamics

Friction forces due to the lattice, to point defects and to dislocations. Movement equations. Partial dislocations and
stacking faults. Dissociation mechanisms: dislocations in face centred cubic metals.

5. Dislocation kinetics

Thermal activation of plastic deformation. Dislocation climb. Deformation tests.

6. Electron micrsocopy Dislcoation charactization

Electron diffraction, Dynamical Diffraction contrast imaging theory, High resolution Electron microscopy of dislocation
structures.

7. Thermodynamics of phase transformations

Thermodynamical principles of phase transformations.Phase diagrams. Alloy solidification. Solid-solid phase
transformations.

Keywords

dislocations, deformation, diffusion, elasticity, phase transformations, melting, precipitation crystallography

Learning Prerequisites

Recommended courses

linear algebra 1,11
analysis lll, IV
physics Ll

Learning Outcomes

By the end of the course, the student must be able to:
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* Develop the formalism of dislocation theory

» Model the plastic deformation of materials

» Sketch a phase diagram and its thermodynamic basis

» Expound theories and ideas in published journal articles referencing dislocation and phase transformation theories

Transversal skills

» Use a work methodology appropriate to the task.
» Assess one's own level of skill acquisition, and plan their on-going learning goals.
» Make an oral presentation.

Teaching methods

Oral Lectures and exercises in the classroom. Lecture, exercise and reference materials will be made available on a
Moodle. A questions and answer forum is also available on the moodle. Additionally, zoom meeting or in-classroom
session will be arranged for exam preperation

Expected student activities

There will be 4 Electron microscopy demostrations.

Assessment methods

Oral exam in English

Supervision

Office hours Yes
Assistant.e.s No
Forum Yes
Resources

Virtual desktop infrastructure (VDI)
Yes

Bibliography

Each lecture has 10-30page writup that will be available in the moodle that expounds on the lecture and
has a Biblography in which students can gain further details and deeper explanation of theories presented
in the lectures

Ressources en bibliothéque

* Find the references at the Library

Notes/Handbook

There is course book written by Thomas LaGrange that dicusses all of the course lectures. Lecture slides
and this course book will be made available on course moodle.

Websites
* http://moodle.epfl.ch

Moodle Link
* https://go.epfl.ch/PHYS-307
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Prerequisite for

Physics of new materials
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PHYS-434 Physics of photonic semiconductor devices
Butté Raphaél

Cursus Sem. Type Language of English
Electrical and Electronical Engineering MA2, MA4 Opt. teaching
Ing.-phys MA2, MA4 Opt. refizs 4

: . Session Summer
Microtechnics MA2, MA4  Opt. Semester Spring
Minor in Quantum Science and Engineering E Opt. Exam Written

. . Workload 120h
Photonics minor E Opt. Weeks 14
Photonics Opt. Hours 4 weekly
Physicien MA2, MA4 Opt. Courses 2 iy
) ) ) Exercises 2 weekly
Quantum Science and Engineering MA2, MA4  Opt. s o
positions

Summary

Series of lectures covering the physics of quantum heterostructures, dielectric microcavities and photonic crystal cavities
as well as the properties of the main light emitting devices that are light-emitting diodes (LEDs) and laser diodes (LDs).

Content

1. Semiconductor materials for optoelectronics
2. Semiconducting nanostructures

» Growth techniques

» Quantum wells, superlattices, quantum dots and single photon emitters

3. Dielectric microcavities and photonic crystals
* Basic features of microcavities and photonic crystals, Purcell effect

4. Electroluminescence
« Light-emitting diodes, quasi-Fermi levels, emission spectra, efficiency, radiative and nonradiative lifetimes

* Applications: displays and solid-state lighting

5. Laser diodes

« Stimulated emission, material and modal gain, transparency and threshold currents, spectral characteristics, far-field
and near-field emission patterns, efficiency, waveguides

« Fabry-Perot laser diodes, distributed feedback and vertical cavity surface emitting laser structures

» Bandgap engineering, quantum well laser diodes, separate confinement heterostructures

 Relaxation oscillation frequency

» Beyond conventional laser diodes: physics of high-beta# nanolasers

* Quantum cascade lasers
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Learning Prerequisites

Required courses

Semiconductor physics and light-matter interaction (PHYS-433)
Quantum physics | and Il (Bachelor)
Solid State Physics | and Il (Bachelor), Quantum Electrodynamics and Quantum Optics (Master)

Recommended courses

Semiconductor physics and light-matter interaction (Master)
Quantum physics | and Il (Bachelor)
Solid State Physics | and Il (Bachelor), Quantum Electrodynamics and Quantum Optics (Master)

Learning Outcomes

» Sketch - and explain the band diagram of quantum engineered heterostructures (quantum wells, superlattices,
quantum dots) subjected or not to an electric field

 Explain - the impact of the dimensionality of a semiconductor on excitonic properties

» Assess / Evaluate - the properties of single photon emitters and entangled photon sources made from semiconductor
quantum dots

 Use - basic notions of quantum optics to classify light emitters: assessment of the coherence of a light-source via
photon statistics (2nd-order correlation measurements)

* Explain - the origin of the enhancement of the spontaneous emission rate via the Purcell effect

* Assess / Evaluate - the performance of dielectric cavities (microcavities and photonic crystal slabs) in terms of quality
factor and photon lifetime, Lambertian vs non-Lambertian light emission spectra

» Assess / Evaluate - the performance of LEDs: internal quantum efficiency, extraction efficiency, wall-plug efficiency,
luminous efficiency, color rendering index of white light sources

* Link - the radiative and nonradiative carrier lifetimes to microscopic recombination paths in the framework of the ABC
model (Shockley-Read-Hall, bimolecular recombination coefficient and Auger term)

 Explain - the operating behavior of light-emitting diodes and laser diodes by relying on rate equations

» Compute - the material gain of bulk semiconductors and quantum wells (notions of transparency and threshold
currents, modal gain)

« Assess / Evaluate - the performance of laser diodes: output power, internal quantum efficiency, wall-plug efficiency

 Explain - the origin of the temporal coherence of laser diodes (narrow linewidth) and their modulation frequency
(several Gbit/s for telecom applications)

« Distinguish - the main features of edge-emitting laser diodes and vertical cavity surface emitting lasers

» Assess / Evaluate - the performance of cavities (microcavities and photonic crystal slabs) in terms of quality factor
and photon lifetime, Lambertian vs non-Lambertian light emission spectra

» Sketch and explain the band diagram of quantum engineered heterostructures (quantum wells, superlattices,
quantum dots) subjected or not to an electric field

* Explain the impact of the dimensionality of a semiconductor on excitonic properties

» Assess / Evaluate Evaluate - the properties of single photon emitters and entangled photon sources made from
semiconductor quantum dots

» Use basic notions of quantum optics to classify light emitters: assessment of the coherence of a light-source via
photon statistics (2nd-order correlation measurements)

 Explain the origin of the enhancement of the spontaneous emission rate via the Purcell effect

» Assess / Evaluate the performance of dielectric cavities (microcavities and photonic crystal slabs) in terms of quality
factor and photon lifetime, Lambertian vs non-Lambertian light emission spectra

 Assess / Evaluate the performance of LEDs: internal quantum efficiency, extraction efficiency, wall-plug efficiency,
luminous efficiency, color rendering index of white light sources
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« Link the radiative and nonradiative carrier lifetimes to microscopic recombination paths in the framework of the ABC
model (Shockley-Read-Hall, bimolecular recombination coefficient and Auger term)

* Explain the operating behavior of light-emitting diodes and laser diodes by relying on rate equations

» Compute the material gain of bulk semiconductors and quantum wells (notions of transparency and threshold
currents, modal gain)

« Assess / Evaluate the performance of laser diodes: output power, internal quantum efficiency, wall-plug efficiency

* Explain the origin of the temporal coherence of laser diodes (narrow linewidth) and their modulation frequency
(several Gbit/s for telecom applications)

« Distinguish the main features of edge-emitting laser diodes and vertical cavity surface emitting lasers

Transversal skills

» Use a work methodology appropriate to the task.

* Plan and carry out activities in a way which makes optimal use of available time and other resources.
» Communicate effectively with professionals from other disciplines.

* Take feedback (critique) and respond in an appropriate manner.

« Summarize an article or a technical report.

» Access and evaluate appropriate sources of information.

» Demonstrate a capacity for creativity.

» Demonstrate the capacity for critical thinking

Teaching methods

Ex cathedra with exercises

Expected student activities

Weekly graded homeworks to secure 1 point out of 6 (16.6% of the final grade)
Read the bibliographical ressources in order to fully integrate and properly use the physical concepts seen in the lectures
and the exercices

Assessment methods

Written exam (with 1 point out of 6 earned via compulsory weekly homeworks (16.6%))

Supervision

Office hours Yes
Assistant.e.s Yes
Forum No
Others Office hours: appoinments to be arranged by email.
Resources
Bibliography

Optoelectronics, Rosencher and Vinter, Cambridge University Press

Ressources en bibliothéque

* Find the references at the Library
Notes/Handbook

"Optoelectronics”, E. Rosencher & B. Vinter (Cambridge University Press, Cambridge, 2002)
"Wave mechanics applied to semiconductor heterostructures”, G. Bastard (Les éditions de physiques, Les
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Ulis, 1991)
"Optical processes in semiconductors”, J. |. Pankove (Dover, New York, 1971)
"Diode lasers and photonic integrated circuits", L. A. Coldren & S. W. Corzine (John Wiley & Sons, Inc.,

New York, 1995)
Websites

* http://library.epfl.ch/en/beast?isbn=0486602753
« http://library.epfl.ch/en/beast?isbn=9780511754647
* http://library.epfl.ch/en/beast?isbn=2868830927
« http://library.epfl.ch/en/beast?isbn=9780470484128

Moodle Link
* https://go.epfl.ch/PHYS-434
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PHYS-423 Plasmal
Theiler Christian Gabriel
Cursus Sem. Type Language of English
Energy minor H Opt. teaching
Ing.-phys MA1, MA3  Opt. credis 6
- - Session Winter
Nuclear engineering MA1 Opt. SETTESET Fall
Physicien MA1, MA3  Opt. Exam Oral
Workload 180h
Weeks 14
Hours 5 weekly
Courses 2 weekly
Exercises 3 weekly
Number of
positions
Summary

Following an introduction of the main plasma properties, the fundamental concepts of the fluid and kinetic theory of
plasmas are introduced. Applications concerning laboratory, space, and astrophysical plasmas are discussed throughout
the course.

Content

I Collisional and relaxation phenomena

- Inelastic collisions: ionization and recombination, degree of ionization
- Elastic collisions: Coulomb collisions

- Isotropisation and thermalisation

- Plasma resistivity and the runaway regime

Il Transport in plasmas

- Random walk and diffusion

- Ambipolar and cross-field diffusion

- Energy and particle confinement

Il Waves in cold magnetized plasma

- Dielectric tensor

- Resonances and cut-offs

- Parallel and perpendicular propagation

IV Wave-particle interaction and kinetic description of waves in hot
un-magnetized plasmas

- The Vlasov-Maxwell model

- Resonant wave-particle interaction and Landau damping
- Stability criteria and streaming instabilities

- Langmuir and ion-acoustic waves and instabilities

V Waves in hot magnetized plasmas

VI Examples of nonlinear effects

Learning Prerequisites

Recommended courses
PHYS-324: Classical Electrodynamics, PHYS-325: Introduction to Plasma Physics

Learning Outcomes

By the end of the course, the student must be able to:
» Manipulate the fundamental elements of the plasma fluid and kinetic theory
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Teaching methods
Ex cathedra and exercises in class

Assessment methods

oral exam

Resources
Moodle Link
* https://go.epfl.ch/PHYS-423
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PHYS-424 Plasmalll
Ball Justin
Cursus Sem. Type Language of English
Energy minor E Opt. teaching
Ing.-phys MA2, MA4 Opt. credis 6
= Session Summer
Physicien MA2, MA4 Opt. SETTESET Spring
Exam Oral
Workload 180h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

This course completes the knowledge in plasma physics that students have acquired in the previous two courses, with a
discussion of different applications, in the fields of magnetic confinement and controlled fusion, astrophysical and space
plasmas, and societal and industrial applications.

Content
A. Fusion energy
* Basics (nuclear reactions, the Lawson criterion)
» Magnetic Confinement: MHD model
» Magnetic Confinement: Tokamak equilibrium, instabilities and operational limits

» Magnetic Confinement: Transport - theoretical basis and phenomenology

» Magnetic Confinement: Heating, burning plasmas, ITER and route to a power plant

B. Industrial applications
* The basics of plasma discharges for industrial applications

» Examples of plasma applications in industry and medicine

C. Plasmas in nature
» Astrophysics and space plasmas

* Solar physics - radiation transport and dynamo

» Magnetic reconnection and particle acceleration

D. Plasma diagnostics
« Categories of plasma diagnostics

» Measurements of plasma properties, magnetic properties and processes at the plasma-material interface
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Learning Prerequisites

Recommended courses
PHYS-324 Classical electrodynamics, PHYS-325 Introduction to plasma physics and PHYS-423 Plasma I.

Learning Outcomes

By the end of the course, the student must be able to:
* Describe various applications of plasma physics
« Identify the main components and physics issues of magnetic confinement fusion
* Describe the main scientific issues in astrophysical plasmas
* Describe the main advantages of plasmas in industrial applications
* Describe the physics basis of key plasma diagnostics
» Work out / Determine when plasma effects are important

Teaching methods

Ex cathedra and exercises in class

Assessment methods

oral exam

Resources
Moodle Link
* https://go.epfl.ch/PHYS-424
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PHYS-421

Cursus
Ing.-phys
Physicien

Résumé

Projet de Physique |

Profs divers *

Sem. Type
MA1, MA3 Obl.
MA1, MA3 Obl.

Langue
d'enseignement

Creédits
Retrait
Session
Semestre
Examen

Charge
Semaines
Heures
Projet
Nombre de
places

cPFL

francais /
anglais

8

Non autorisé
Hiver
Automne

Pendant le
semestre

240h

14

8 hebdo
8 hebdo

Il n'est pas autorisé de se
retirer de cette matiére
apres le délai d'inscription.

L'étudiant-e applique les compétences acquises au cours de ses études dans une recherche effectuée dans I'un des
laboratoires de la section de physique sous I'encadrement d'un-e enseignant-e de la section. Elle/il est présent dans le
laboratoire un jour par semaine.

Contenu

Objectifs d'apprentissage: Pour les Projets de Physique (TP 1V) effectués a la Section de Physique les sujets traités
peuvent étre de la physique théorique, expérimentale ou appliquée.
Pour les Projets de Physique (TP V) effectués dans une autre section de I'EPFL, un descriptif doit étre fourni a I'adjoint
du directeur de la Section pour lui permettre de prendre une décision quant a I'adéquation du sujet avec la formation de

physicien-ne.

Mots-clés

physique appliquée, expérimentation, recherche

Acquis de formation

A la fin de ce cours I'étudiant.e doit étre capable de:
* Choisir ou sélectionner une méthode d'investigation

« Elaborer un projet de recherche

* Formuler une hypothése

* Analyser des résultats expérimentaux

* Modéliser un systéme physique

* Exploiter des données

« [dentifier les parametres significatifs

* Représenter un modeéle, un résultat expérimental
« Critiquer des hypothéses ou des résultats

Compétences transversales

« Utiliser une méthodologie de travail appropriée, organiser un/son travail.

Projet de Physique |
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« Communiquer efficacement et étre compris y compris par des personnes de languages et cultures différentes.

* Etre responsable de sa propre santé et sécurité au travail ainsi que de celles des autres.

» Gérer ses priorités.

» Persévérer dans la difficulté ou aprés un échec initial pour trouver une meilleure solution.

» Accéder aux sources d'informations appropriées et les évaluer.

« Ecrire un rapport scientifique ou technique.

* Ecrire une revue de la littérature qui établit I'état de I'art.

Méthode d'enseignement

Travail en laboratoire
Méthode d'évaluation

Un rapport écrit doit étre fourni a la fin du travail
A written report must be provided at the end of the lab work
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PHYS-422

Cursus
Ing.-phys
Physicien

Résumé

Projet de Physique I

Profs divers *

Sem. Type
MA2, MA4 Obl.
MA2, MA4 Obl.

Langue
d'enseignement

Creédits
Retrait
Session
Semestre
Examen

Charge
Semaines
Heures
Projet
Nombre de
places

cPFL

francais /
anglais

8

Non autorisé
Eté
Printemps

Pendant le
semestre

240h

14

8 hebdo
8 hebdo

Il n'est pas autorisé de se
retirer de cette matiére
apres le délai d'inscription.

L'étudiant.e applique les compétences acquises au cours de ses études dans une recherche effectuée dans I'un des
laboratoires de la section de physique sous I'encadrement d'un.e enseignant.e de la section. Elle/il est présent dans le
laboratoire un jour par semaine.

Contenu

Objectifs d'apprentissage: Pour les Projets de Physique (TP 1V) effectués a la Section de Physique les sujets traités
peuvent étre de la physique théorique, expérimentale ou appliquée.
Pour les Projets de Physique (TP V) effectués dans une autre section de I'EPFL, un descriptif doit étre fourni a I'adjoint

de la Section pour lui permettre de prendre une décision quant a I'adéquation du sujet avec la formation de physicien-ne.

Mots-clés

physique appliquée, expérimentation, recherche

Acquis de formation

A la fin de ce cours I'étudiant.e doit étre capable de:
* Choisir ou sélectionner une méthode d'investigation

« Elaborer un projet de recherche

» Formuler une hypothése

* Analyser des résultats expérimentaux

* Modéliser un systéme physique

* Exploiter des données

« Identifier les paramétres significatifs

* Représenter un modeéle, un résultat expérimental
« Critiquer des hypothéses ou des résultats

Compétences transversales

« Utiliser une méthodologie de travail appropriée, organiser un/son travail.

« Communiquer efficacement et étre compris y compris par des personnes de languages et cultures différentes.

Projet de Physique Il
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« Etre responsable de sa propre santé et sécurité au travail ainsi que de celles des autres.

» Gérer ses priorités.

* Persévérer dans la difficulté ou apres un échec initial pour trouver une meilleure solution.

» Accéder aux sources d'informations appropriées et les évaluer.

« Ecrire un rapport scientifique ou technique.

« Ecrire une revue de la littérature qui établit I'état de I'art.

Méthode d'enseignement

Travail en laboratoire
Méthode d'évaluation

Un rapport écrit doit étre fourni a la fin du travail
A written report must be provided at the end of the lab work
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PHYS-541 Quantum computing
Savona Vincenzo
Cursus Sem. Type Language of English
Computational science and Engineering MA1, MA3 Opt. teaching
Computational science and engineering minor H Opt. lrelliz ®
Session Winter
Ing.-phys MA1, MA3 Opt. SETTESET Fall
Minor in Quantum Science and Engineering H Opt. Exam Oral
. Workload 180h
Physicien MA1, MA3 Opt. Weeks 14
Physics Opt. Hours 5 weekly
Quantum Science and Engineering MA1, MA3 Opt. Courses ey
Exercises 2 weekly
Number of
positions
Summary

This course introduces quantum computing, starting with quantum mechanics and information theory. It covers the
quantum circuit model, universal gates, foundational quantum algorithms, noise, quantum error correction, NISQ
quantum algorithms, and an overview of recent progress.

Content

Introduction

- Crash course on quantum mechanics

- Quantum measurement and interaction with the environment
- Foundations of classical and quantum information theory
Quantum computing

- The quantum circuit model

- Universal quantum gates

- Quantum advantage and the Deutsch-Jozsa algorithm
Overview of quantum algorithms

- The quantum Fourier transform and Shor's factoring algorithm
- The quantum state amplification and Grover's database search algorithm
- The quantum phase estimation and linear system solving

- Digital quantum simulation and unitary time evolution

Noise in quantum hardware and the digital noise model
Quantum error correction

- The Shor quantum error correction code

- Stabilizer codes

- Fault-tolerant quantum computing and the threshold theorems
Hybrid quantum-classical algorithms for NISQ hardware

- The variational quantum eigensolver

- The quantum approximate optimization algorithm

- The variational quantum dynamics algorithms

Overview of recent progress in quantum computing and quantum algorithms.

Keywords

. Quantum Mechanics

. Quantum Computing

. Quantum Information Theory
. Quantum Circuit Model

. Universal Quantum Gates

. Quantum Algorithms

. Quantum Error Correction

. NISQ Hardware

ONO O WN -~
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9. Hybrid Algorithms
10. Recent Advancements

Learning Prerequisites

Required courses
Quantum Physics, Linear Algebra

Learning Outcomes

By the end of the course, the student must be able to:
* Apply the quantum circuit model
* Design simple quantum algorithms
» Formalize the quantum computing paradigm
* Assess / Evaluate the computational complexity of quantum algorithms
» Analyze the origin and extent of quantum advantage
* Discuss quantum error correction codes
* Explore the recent progress in the field
* Classify quantum algorithms

Teaching methods

Ex cathedra. Lecture notes available. Exercises and hands-on problems using the Qiskit platform

Assessment methods

Oral exam including the presentation of a project selected and carried out during the last weeks of the term

Resources
Bibliography

M. A. Nielsen & I. L. Chuang, Quantum Computation and Quantum Information (Cambridge, 2011)
John Preskill, Lecture Notes on Quantum Information and Computation

Ressources en bibliothéque

* Find the references at the Library

Références suggérées par la bibliothéque

* Lecture Notes on Quantum Information and Computation / Preskill

Notes/Handbook
Lecture notes provided

Moodle Link
* https://go.epfl.ch/PHYS-541
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PHYS-453 Quantum electrodynamics and quantum optics
Kippenberg Tobias
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Minor in Quantum Science and Engineering H Opt. Credits 6
. . Session Winter
Photonics minor H Opt. SETTESET Fall
Physicien MA1, MA3 Opt. Exam Written
Quantum Science and Engineering MA1, MA3 Opt. vaz(rekklzad 12%
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

This course develops the quantum theory of electromagnetic radiation from the principles of quantum electrodynamics. It
will cover historic developments (coherent states, squeezed states, quantum theory of spontaneous emission) and
moreover modern developments, e.g. quantum noise and circuit QED

Content

* Quantization of the electromagnetic field
» Week 1: Quantization of a Harmonic Oscillator, quantization of electrical circuits, field quantization
» Week 2-3: Fock states, coherent states and squeezed states

* Measuring the quantum States of Light
» Week 4: Phase space representations (Q-function, Wigner function, P-representation)
* Week 5: Homodyne detection
* Measurements, photon counting
» Photon correlations, HBT effect, g(2) measurements

» Superconducting circuits
» Week 6: Josephson Junctions
» Cooper pair box and Transmon
« Circuit quantization

» Atom field interaction
» Week 7-8: Light matter interaction, dipole approximation, atom-field interaction Hamiltonian
* Week 9: Quantum optics of an open cavity, Purcell effect
« Cavity QED Hamiltonian
» Week 10: Cavity quantum electrodynamics (cQED): strong coupling, dispersive regime
« Applications of cQED: Generation of arbitrary quantum state of a harmonic oscillator, Quantum Metrology, QND
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measurements of TLS

* Introduction to quantum mesaurements
* Week 11: Quantum non-demolition measurements
» Quantum backaction in linear measurements
* Week 12: Quantum limits of interferometric measurements
» Week 13: Pondermotive Squeezing
» Week 14: Backaction-Evading Measurements
* Quantum theory of an amplifier

« Other topics covered: Recent developments in quantum optics, and use of Python Quantum Optical Toolbox
to simulate open quantum systems

Learning Prerequisites

Recommended courses
Quantum physics

Learning Outcomes

By the end of the course, the student must be able to:
» Understand the quantum theory of electromagnetic radiation
» Understand the different effects of light-matter interaction
» Understand the differences of classical and quantum properties of light
» Use of Python toolbox to simulate open quantum systems

» Understand modern applications of quantum optics in quantum communication, quantum metrology and quantum
computation

Teaching methods

Exercises (weekly).

Assessment methods

written exam

Resources
Moodle Link
* https://go.epfl.ch/PHYS-453

Quantum electrodynamics and quantum optics Page 2/2



2026-2027 COURSE BOOKLET

cPFL
PHYS-431 Quantum field theory |
Penedones Jodo Miguel
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Physicien MA1, MA3  Opt. credis 6
Session Winter
Semester Fall
Exam Written
Workload 180h
Weeks 14
Hours 5 weekly
Courses 3 weekly
Exercises 2 weekly
Number of
positions
Summary

The goal of the course is to introduce relativistic quantum field theory as the conceptual and mathematical framework
describing fundamental interactions.

Content

1. Introduction: Fundamental motivations for quantum field theory, Natural units of measure, Overview on the Standard
Model of particle physics.

2. Classical Field Theory: Lagrangian and Hamiltonian formulation.

3. Symmetry Principles: Elements of group theory, Lie groups, Lie Algebras, group representations. The Lorentz and
Poincaré groups with their representations on fields. Noether theorem: conserved currents, conserved charges and their
role as generators of the group. The conserved charges of the Poincaré group.

4. Canonical quantization of real and complex scalar fields. Creation and annihilation operators. Fock space. Bose
statistics. Heisenberg picture field. Realization of symmetries in the quantum theory.

5. Spinorial representations of the Lorentz group. Covariant wave equations and the resulting Weyl, Majorana and Dirac
spinors. Plane wave solutions of the Dirac equation. Chirality and helicity. Quantization of the Dirac field.
Anticommutation relations and Fermi statistics.

6. Unitary representations of the Poincaré group: Casimir invariants, massive and massless representations.

Learning Prerequisites

Required courses
Classical Electrodynamics, Quantum Mechanics | and Il, Analytical Mechanics, Mathematical Methods

Recommended courses
General Relativity and Quantum Mechanics Ill warmly recommended.

Learning Outcomes

By the end of the course, the student must be able to:
» Expound the theory and its phenomenological consequences
» Formalize and solve the problems

Transversal skills
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» Use a work methodology appropriate to the task.

Teaching methods

3 hours ex-cathedra
2 hours exercises

Assessment methods

Written exam.

Resources
Bibliography

* "An introduction to quantum field theory / Michael E. Peskin, Daniel V. Schroeder". Année:1995.
ISBN:0-201-50397-2

* "The quantum theory of fields / Steven Weinberg". Année:2005. ISBN:978-0-521-67053-1
* "Quantum field theory / Claude Itzykson, Jean-Bernard Zuber". Année:1980. ISBN:0-07-032071-3
« "Relativistic quantum mechanics / James D. Bjorken, Sidney D. Drell". Année:1964

* "A modern introduction to quantum field theory / Michele Maggiore". Année:2010.
ISBN:978-0-19-852074-0

Ressources en bibliothéque

* Find the references at the Library

Notes/Handbook
Lecture Notes for QFT-I and QFT-II

Websites
* https://www.epfl.ch/labs/Iptp/

Moodle Link
* https://go.epfl.ch/PHYS-431

Prerequisite for

Recommended for Theoretical Physics and for Particle Physics
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PHYS-432 Quantum field theory Il
Rattazzi Riccardo
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. credis 0
Session Summer
Semester Spring
Exam Oral
Workload 180h
Weeks 14
Hours 5 weekly
Courses 3 weekly
Exercises 2 weekly
Number of
positions
Remark
Summary

The goal of the course is to introduce relativistic quantum field theory as the conceptual and mathematical framework
describing fundamental interactions such as Quantum Electrodynamics.

Content

7. Gauge invariance, the electromagnetic field and its coupling to charged fields. Quantized electromagnetic field.
Massive vector field. Polarization vectors. Representation of the Lorentz group on single particle states.

8. Causality in classical and quantum field theory

9. Discrete symmetries: parity (P), charge conjugation (C), time reversal (T) and their action of fields and states. CPT
theorem.

10. Interacting fields. Formal theory of relativistic scattering. Asymptotic states. Lippmann-Schwinger equation. S-matrix
and its symmetries. S-matrix in perturbation theory and Feynman diagrams. Cross sections and decay-rates.

11. Quantum electrodynamics: Feynman rules, elementary processes, Ward identities.

12. The Standard Model: non-abelian gauge theory, the field content and the lagrangian of the SM, the Higgs
mechanism.

Learning Prerequisites

Required courses

Classical Electrodynamics, Quantum Field Theory |, Quantum Mechanics | and I, Analytical Mechanics,
Mathematical Physics

Recommended courses
Quantum Mechanics Il and 1V, General Relativity, Cosmology

Learning Outcomes

By the end of the course, the student must be able to:
» Expound the theory and its phenomenological consequences
* Formalize and solve the problems

Transversal skills
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» Use a work methodology appropriate to the task.

Teaching methods

Ex cathedra and exercises in class

Assessment methods

Oral exam, based on one theoretical question and one exercise picked through a random choice. The candidate is
allowed 1 hour to prepare and 20 minutes to present and discuss the handwritten results.

Resources

Virtual desktop infrastructure (VDI)
Yes

Bibliography

* "An introduction to quantum field theory / Michael E. Peskin, Daniel V. Schroeder". Année:1995.
ISBN:0-201-50397-2

* "The quantum theory of fields / Steven Weinberg". Année:2005. ISBN:978-0-521-67053-1
* "Quantum field theory / Claude ltzykson, Jean-Bernard Zuber". Année:1980. ISBN:0-07-032071-3
« "Relativistic quantum mechanics / James D. Bjorken, Sidney D. Drell". Année:1964

* "A modern introduction to quantum field theory / Michele Maggiore". Année:2010.
ISBN:978-0-19-852074-0

* "Théorie quantique des champs / Jean-Pierre Derendinger". Année:2001. ISBN:2-88074-491-1
* Quantum Field Theory / Marc Srenedicki". Année:2007. ISBN:9780521864497
* Quantum Field Theory and the Standard Model / Matthew D. Schwartz". Année:2014. ISBN:1107034736

Ressources en bibliothéque

* Find the references at the Library

Notes/Handbook
Lecture Notes for QFT-I and QFT-II

Websites
* https://www.epfl.ch/labs/Iptp/

Moodle Link
* https://go.epfl.ch/PHYS-432

Prerequisite for

Theoretical Particle Physics
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PHYS-503 Quantum field theory Il
Vacat .
Cursus Sem. Type Language of English
Phys|c|en MA1, MA3 Opt teaching
Physics Obl. Credits 8
Session Winter
Semester Fall
Exam Oral
Workload 240h
Weeks 14
Hours 4 weekly
Courses 3 weekly
Exercises 1 weekly
Number of
positions
Remark

MAS only. The lecture takes places in Geneva.

Summary

The course builds on QFT1-2 and develops in parallel to The Standard Model course. After briefly revisiting the notions
of particle, field and S-matrix, the course fully develops the theory of Renormalization and closes on the quantization of
non-abelian gauge theories.

Content

1) Brief foray into "axiomatic" QFT

-Unitary representations of the Poincaré group

- Fields, relativistic wave equations

- Cluster property and LSZ formula for the S-matrix

2) Path Integral approach to QFT
- Functional methods, Effective action
- Equations of motion, Ward identities, Goldstone theorem

3) Renormalization

- loop corrections and regularization methods

- renormalization with examples of its systematics

- applications to QFTs with scalars, fermions and Abelian gauge fields, in particular to Quantum Electrodynamics

4) The renormalization group

- asymptotic freedom and fixed points

- Callan-Symanzik equation

- renormalization of composite operators

5) Quantization of non-abelian gauge theories

- path Integral in gauge theories and Faddeev-Popov method
- ghosts and BRST symmetry

- physical states and unitarity

- Slavnov-Taylor identities and basics of renormalization

5) Infrared divergences (time permitting)
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- soft photons and soft gravitons
- Lorentz invariance and current conservation (Weinberg)
- real and virtual emission of soft photons, cancellation of IR divergences

Keywords

Quantum Fields, LSZ Reduction, Renormalization, Renormalization Group, Composite Operators, Fixed Points, Gauge
Theories, BRS symmetry

Learning Prerequisites

Required courses
QFT1, QFT2, QM3, QM4

Recommended courses
General Relativity and Cosmology 1

Learning Outcomes

By the end of the course, the student must be able to:
» Formulate
* Analyze
* Reason
* Model
* Solve
* lllustrate
* Compute
* Demonstrate

Transversal skills

* Use a work methodology appropriate to the task.

Teaching methods

A mix of inverted class, based on recorded lectures from previous years, and of ex cathedra lectures

Expected student activities

Weekly take home exercises, with weekly assessment

Assessment methods

Weekly exercises during the semester: 20% of evaluation
Take home written exam: 30% of evaluation
Oral exam: 50% of evaluation

Resources
Bibliography

- The Quantum Theory of Fields | and Il, Steve Weinberg
- An Introduction to Quantum Field Theory, Peskin-Schroeder

Ressources en bibliothéque
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* Find the references at the Library

Notes/Handbook
Handwritten Notes

Moodle Link
* https://go.epfl.ch/PHYS-503
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PHYS-550 Quantum information theory
Holmes Zoé
Cursus Sem.
Ing.-phys MA1, MA3
Minor in Quantum Science and Engineering H
Physicien MA1, MA3
Quantum Science and Engineering MA1, MA3
Summary

Type
Opt.

Opt.
Opt.
Opt.

Language of
teaching

Credits
Session
Semester
Exam
Workload
Weeks
Hours
Courses
Exercises

Number of
positions

cPFL

English

4
Winter
Fall
Written
120h

14

4 weekly
2 weekly
2 weekly

After recapping the basics of quantum theory from an information theoretic perspective, we will cover more advanced
topics in quantum information theory. This includes introducing measures of quantum information, and developing a

more advanced understanding quantum states, channels and measurements.

Content

An operational introduction to quantum information theory
* Classical state spaces, measurements and operations

* The quantum state spaces, quantum measurements and operations

» Multiple qubit systems, reduced states and purifications.

Quantum Measurements
* POVM Measurements
* Naimark's Dilation Theorem
* Distinguishing quantum states
* The measurement problem
 Quantifying shot noise

Quantum channels
* Definition and examples of quantum channels
« Stinespring Dilation Theorem
 Choi representation of channels
* Vectorization notation for channels (and beyond)

Measures of information
» Shannon entropy
» Shannon's noiseless coding theorem
* Von Neumann entropy
» Schumacher's quantum noiseless channel coding theorem
» Entropic inequalities
» Matrix distance measures

Entanglement Theory

Quantum information theory
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» Resource theory of entanglement

» Entanglement entropy

» Witnessing entanglement

» The problem of mixed state entanglement

Learning Prerequisites

Required courses

Essential:
Quantum Physics I, Quantum Physics Il

Some knowledge of the basics of quantum computing would be helpful to provide context to the topics
studied here. | recommend taking this course in parallel with Vincenzo Savona's Quantum Computing
Course PHYS-641 (or attending the basic introduction to quantum computing provided in QUANT-400).

It is worth nothing that in the first half of the course there will be some overlap with Jean-Philippe Brantut's
Quantum Optics and Quantum Information Course PHYS-454. However, the two courses take different
perspectives and so will be complementary.

Learning Outcomes

By the end of the course, the student must be able to:
* Demonstrate an advanced understanding of quantum information theory.
» Demonstrate an advanced understanding of quantum information theory.

Teaching methods

Lectures and weekly exercises.

Assessment methods

90% Written exam, 10% assessed homework tasks.

Resources
Moodle Link
* https://go.epfl.ch/PHYS-550
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PHYS-454 Quantum optics and quantum information
Brantut Jean-Philippe
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Minor in Quantum Science and Engineering E Opt. Credits 6
. . Session Summer
Photonics minor E Opt. SETTESET Spring
Photonics Opt. Exam Written
Physicien MA2, MA4 Opt. oo o
Physics Opt. Hours 4 weekly
Quantum Science and Engineering MA2, MA4 Opt. Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

This lecture describes advanced concepts and applications of quantum optics. It emphasizes the connection with
ongoing research, and with the fast growing field of quantum technologies. The topics cover some aspects of quantum
information processing, quantum sensing and quantum simulation.

Content

1. Introduction
Review of two-level systems and harmonic oscillators.

2. Entanglement, decoherence and measurements
Density matrix of bipartite systems, entanglement, entanglement entropy, generalized measurements, system-meter
description and POVMs, completely positive maps and Kraus theorem, quantum channels

3. Open quantum systems
Lindblad master equation, fundamental examples: Optical Bloch equations, damped harmonic oscillator. Stochastic
Schrédinger equation, quantum state diffusion.

4. Mechanical effects of light and laser cooling
Motional effects on light-matter interactions, Doppler and recoil shifts, semi-classical forces on the two-level atom,
Doppler cooling and magneto-optical traps, resolved sideband cooling.

5 - 6. Operation of quantum machines (two topics chosen among)
- Trapped ions quantum logic

- Rydberg quantum logic

- Collective effects in light-matter interactions and quantum metrology
- Digital and analogue quantum simulation

Keywords

Quantum technology, quantum computing, quantum simulation, quantum optics, laser cooling, quantum measurement,
quantum electrodynamics, quantum devices

Learning Prerequisites

Required courses
Quantum Electrodynamics and quantum optics (Fall semester) or equivalent (see prerequisites below).

Recommended courses
Solid state physics, Statistical physics
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Important concepts to start the course

Good understanding of the two-level system and the harmonic oscillator in quantum mechanics, unitary
transformations, canonical quantization of the electromagnetic field

Learning Outcomes

By the end of the course, the student must be able to:
» Master the calculational techniques
» Read and understand the scientific litterature in quantum optics and quantum information
* Perform calculations relevant to quantum optics
 Explore the scientific litterature in quantum optics and quantum information

Transversal skills

* Make an oral presentation.
 Use both general and domain specific IT resources and tools

Teaching methods

Video lectures, tutorials and exercise solved in the class, computer simulations. Mini-conferences with student
presentations of research papers.

Assessment methods

Written examination

Resources
Bibliography

For a review of the basics of quantum optics
» Grynberg, Aspect and Fabre, Introduction to Quantum Optics

Core litterature for the course
» Haroche, Raimond, Exploring the quantum
» Chuang, Nielsen, Quantum Computation and Quantum Information

Further bibliographic elements on specific topics during the lectures and as exercises.

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-454

Prerequisite for

Specialization and Master projects in quantum optics, ultra-cold atoms, cavity quantum-electrodynamics
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PHYS-425 Quantum physics lli
Yazyev Oleg
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Photonics minor H Opt. lrelliz e
— Session Winter
Physicien MA1, MA3 Opt. SETTESET Fall
Exam Oral
Workload 180h
Weeks 14
Hours 5 weekly
Courses 2 weekly
Exercises 3 weekly
Number of
positions
Summary

To introduce several advanced topics in quantum physics, including semiclassical approximation, path integral,
scattering theory, and relativistic quantum mechanics

Content

1. Transition from quantum physics to classical mechanics: the coherent
states and the Ehrenfest theorem.

2. Semiclassical approximation in quantum mechanics: general form of
the semiclassical wave function and matching conditions at turning
points.

3. One-dimensional problems in semiclassical approximation:
Bohr-Sommerfeld quantisation condition and the Planck formula,
tunnelling probability through a potential barrier, lifetime of a
metastable state, splitting of the energy levels in a double-well
potential.

4. Scattering theory: cross-section, Moller operators and S-matrix,
Green's functions and the scattering amplitude, the T-matrix and the
Lippmann-Schwinger formula, perturbation theory for amplitudes and the
Born approximation, scattering amplitude via stationary scattering
states.

5. Relativistic quantum mechanics: the Dirac equation and its
non-relativistic limit - the Pauli equation.

Learning Prerequisites

Required courses
Quantum physics I, 1l

Learning Outcomes

» Apply semiclassical considerations to solving physics problems
* Solve a number of prototypical problems of quantum physics
» Develop a connection between quantum and classical physics
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* Apply scattering theory formalism to solving physics problems

Teaching methods

Ex cathedra and exercises

Assessment methods

oral exam (100%)

Supervision

Office hours Yes

Resources
Bibliography
C. Cohen-Tannoudji, B. Diu, F. Laloe, Quantum Mechanics
L. D. Landau and E. M. Lifshitz, Quantum mechanics: non-relativistic theory
R. P. Feynman, A. R. Hibbs, Quantum Mechanics and Path Integrals
J. R. Taylor, Scattering Theory: The Quantum Theory of Nonrelativistic Collisions
J. D. Bjorken, S. D. Drell, Relativistic Quantum Mechanics
A. Messiah, Quantum Mechanics

Ressources en bibliothéque

* Find the references at the Library

Références suggérées par la bibliothéque

« Scattering Theory: The Quantum Theory of Nonrelativistic Collisions / Taylor
» Quantum mechanics: non-relativistic theory / Landau & Lifshitz

Moodle Link
* https://go.epfl.ch/PHYS-425

Prerequisite for

Quantum Physics IV
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PHYS-426 Quantum physics IV
Carleo Giuseppe, Rossi Riccardo
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. credis 6
. - - Session Summer
Quantum Science and Engineering MA2, MA4 Opt. Semester Spring
Exam Written
Workload 180h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

Introduction to the path integral formulation of quantum mechanics. Gauge invariance. Derivation of the perturbation
expansion of Green's functions in terms of Feynman diagrams. Several applications will be presented, including
non-perturbative effects, such as tunneling and instanton

Content

I. The Path Integral Approach to Quantum Mechanics
1. The Feynman Path Integral in Quantum Mechanics
2. Thermal Density Matrix and Imaginary-time Path Integral
3. Propagator of the Quantum Harmonic Oscillator
Il. Interaction with an external electromagnetic field and gauge invariance in quantum mechanics
1. Gauge invariance in Quantum Mechanics
2. Particle in a uniform magnetic field: magnetic translation operators and Landau levels
3. The Aharonov-Bohm effect. Magnetic monopoles and charge quantization
4. The Berry phase
lll. Correlation functions, Feynman diagrams, and functional methods
1. Matrix elements, correlation functions, and Wick's theorem
2. Feynman diagrams in Quantum Mechanics
3. Variational principle and mean-field theory
IV. The Semiclassical Approximation and Instantons
1. The semiclassical spectrum
2. The semiclassical propagator
3. Instantons in Quantum Mechanics

Keywords

Path integral formalism. Green's function. Determinants. Feynman diagram. Feynman rules. Perturbation theory.
Non-perturbative effects. Tunnelling. Instantons, Gauge Invariance, imaginary time, thermal density matrix, Landau
levels; Aharonov-Bohm effect, Berry phase; correlation functions, Wick's theorem, Feynman diagrams, variational
principle, mean-field theory; semiclassical approximation; Bohr-Sommerfeld quantization, magnetic monopoles, Van
Vleck-Pauli-Morette propagator.

Learning Prerequisites

Required courses

Analytical Mechanics
Physics Ill (Electromagnetism)
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Statistical physics
Mathematical methods (for SPH)
Quantum Physics |, 1l

Recommended courses
Quantum Physics Il

Important concepts to start the course
Solid knowledge and practice of calculus (complex variable) and linear algebra

Learning Outcomes

By the end of the course, the student must be able to:
* Formulate a quantum mechanical problem in terms of a Path integral
» Compute gaussian path integral as determinants
 Express physical quantities in terms of the Green function
* Translate a Feynman diagram into a mathematical expression
» Compute a Feynman diagram
» Compute tunneling rates in simple quantum potentials
» Formulate the quantum theory of a particle interacting with an external electromagnetic field

Transversal skills

» Use a work methodology appropriate to the task.
« Set objectives and design an action plan to reach those objectives.

Teaching methods

Ex cathedra and exercises

Expected student activities

Participation in lectures. Solving problem sets during exercise hours. Critical study of the material.

Assessment methods

Written exam

Supervision

Office hours Yes
Assistant.e.s Yes
Forum Yes
Resources

Bibliography

"Quantum Mechanics and Path Integrals" , R.P. Feynman and A.R. Hibbs, McGraw-Hill, 1965.

"Path Integrals in Quantum Mechanics, Statistics and Polymer Physics", Hagen Kleinert, World Scientific,
1995.

"Path Integrals in Quantum Mechanics", Jean Zinn-Justin, Oxford Graduate Texts, 2010.

Ressources en bibliothéque
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* Find the references at the Library

Notes/Handbook

Moodle Link
* https://go.epfl.ch/PHYS-426
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PHYS-462 Quantum transport in mesoscopic systems
Banerjee Mitali
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Minor in Quantum Science and Engineering E Opt. lrelliz “

— Session Summer
Physicien MA2, MA4 Opt. SETTESET Spring
Quantum Science and Engineering MA2, MA4  Opt. Exam Oral

Workload 120h

Weeks 14

Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly

Number of

positions

Summary

This course aims to introduce the transport behaviors of micron-size systems, emphasizing learning about recent
path-breaking experiments on 2D systems such as Graphene and other vad der Waala materials. The course will also
introduce the concept of topological protection and strong correlations.

Content

1. Introduction to mesoscoscopic systems and semi classical transport equation
One dimensional ballistic transport -Landauer-Buttiker formalism

Topological effects - Interger and Fractional quanum Hall effect

Fractionally charged particles and anyonic sttistics

Chern insulators: Berry's phase, Haldane model and TKNN model

Quantum dot: Clulomb blockade and charge transfer

Introduction to Graphene: Pseudospin, Hamiltonian, Quantum Hall effect
Superconductivity:BCS, BAG hamiltonian and Topological superconductivity
Magic angle twisted graphene: Superconductivity and Corrrelated states

10 Semiconducting van der Waals materials and strongly correlated phases of matter
11. Introduction to recent significant experimental works

12. Introduction to topological quantum computation

©oN WD

Keywords

Graphene, Topology, string correlation, superconductivity, quantum Hall effects

Learning Prerequisites

Required courses

Quantum mechanics | and Il
Solid state | and Il (not mandatory)

Important concepts to start the course
Electronic transport, superconductivity

Learning Outcomes

By the end of the course, the student must be able to:

* Develop basic understanding of quantum phenomenon in the mesoscopic devices and current state of the art
experimental works in related fields

* Describe current research in the field of mesoscopic systems and quantum devices
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 Use theoretical concepts to describe real quantum systems
» Formulate the challenges in the field of device physics and connect to quantum science and technology

Teaching methods

Lectures with student's participation and hands-on activities.

Expected student activities

Actively participate to all lectures by asking questions. Deliver a final presentation on modern research topic.

Assessment methods

Each student will be presenting one of the proposed papers during a final symposium.

Resources
Bibliography
Mesoscopic Physics: An introduction by C Harmans

Electronic transport in mesoscopic system by Supriyo Datta
Semiconductor Nanostructures by Thomas |Ihn

Ressources en bibliothéque

* Find the references at the Library

Références suggérées par la bibliothéeque

» Mesoscopic Physics: An introduction / Harmans

Notes/Handbook
Lecture notes

Moodle Link
* https://go.epfl.ch/PHYS-462
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PHYS-450 Radiation biology, protection and applications
Damet Jerome, Grilj Veljko, Pakari Oskari Ville
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Nuclear engineering MA1 Obl. Credits “
- Session Winter
Physicien MA1, MA3 Opt. SETTESET Fall
Exam Written
Workload 120h
Weeks 14
Hours 3 weekly
Courses 2 weekly
Exercises 1 weekly
Number of
positions
Summary

This is an introductory course in radiation physics that aims at providing students with a foundation in radiation protection
and with information about the main applications of radioactive sources/substances in the industry. The course includes
presentations, lecture notes and problem sets.

Content

* Radioactivity and interactions of ionising radiation in matter

* Health effects of ionising radiation

» Dosimetry and population exposure

 Space radiation dosimetry

* Operational radiation protection: Sources, Shielding, Calculations

* Internal and external exposure to radionuclides and radiation

* Emergency dosimetry and extreme radiological events

* International nuclear safeguards

« Industrial applications: food irradiation, radioisotope batteries, radiation imaging, etc.
* Applications in research: dosimetry for radiotherapy, metrology, etc.

Learning Outcomes
By the end of the course, the student must be able to:
 Explain the origin ionising radiation and give a few examples of the origin of neutron radiation.
* Explain interactions of ionising radiations in matter.
* Explain biological/health effects of the ionising radiations
* Explain the principles of dosimetry
« Explain populationa##s exposure and cite exposure levels
 Explain the principles of radiation protection, cite the dose limits
* Explain the concept of risk
* Describe the protection means for external and internal exposure
» Explain radiation shielding and give examples
» Explain the use of radiation in industrial and research applications.
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» Explain exposure to the general population and cite exposure levels

* Explain the origin of ionising radiation

« Explain interactions of ionising radiation in matter.

 Explain biological/health effects of the ionising radiation

* Design appropriate radiation shielding for a given source or application
 Contextualise extreme radiological events

Assessment methods

Written, Multiple Choice Question exam

Resources
Bibliography
» James E. Martin, "Physics for Radiation Protection”, Wiley-VCH (2nd edition, 2006)

» G.C. Lowenthal, P.L. Airey, "Practical Applications of Radioactivity and Nuclear Reactions", Cambridge
University Press (2001)

* K.H. Lieser, "Nuclear and Radiochemistry", Wiley-VCH (2nd edition, 2001)

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-450
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PHYS-452 Radiation detection
Lamirand Vincent
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Nuclear engineering MA1 Opt. lrelliz 5
= Session Winter
Physicien MA1, MA3 Opt. SETTESET Fall
Exam Oral
Workload 120h
Weeks 14
Hours 3 weekly
Courses 2 weekly
Exercises 1 weekly
Number of
positions
Summary

The course presents the detection of ionizing radiation in the keV and MeV energy ranges. Physical processes of
radiation/matter interaction are introduced. All steps of detection are covered, as well as detectors, instrumentations and
measurements methods commonly used in the nuclear field.

Content
* Interaction of radiation with matter at low energies: X-rays/gammas, charged particles and neutrons up to MeV
range, ionisation, nuclear cross sections.

» Characteristics and types of detectors: gas detectors, semiconductor detectors, scintillators and optical fibers,
fission chambers, meshed and pixel detectors

« Signal processing and analysis: types of electronics, signal collection and amplification, particle discrimination,
spatial and time resolution

* Nuclear instrumentation and measurements: principle of measurements, spectrometry, common detection
instrumentations, applications in nuclear engineering and R&D.

Keywords

radiation detection; radiation-matter interaction; ionizing radiation; detector; signal processing; nuclear instrumentation;
measurement methods

Learning Outcomes

By the end of the course, the student must be able to:
* Explain interaction processes of ionising radiation and matter
+ Describe the production of a detection signal and its processing
 Explain the operation of all types of commonly used detectors
» Assess / Evaluate the detection system and method required for a specific measurement

Transversal skills

» Communicate effectively with professionals from other disciplines.

Teaching methods

Lectures, exercises, presentations, practice.
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Expected student activities

Attendance at lectures and exercises, short presentations.

Assessment methods

Oral exam

Supervision

Assistant.e.s Yes

Resources
Bibliography

Radiation detection and measurement, Glenn F. Knoll. Wiley 2010
Practical Gamma-Ray Spectrometry, Gordon R. Gilmore, Wiley & Sons 2008

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-452
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PHYS-427 Relativity and cosmology |
Rattazzi Riccardo
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Physicien MA1, MA3  Opt. credis 0
Session Winter
Semester Fall
Exam Written
Workload 180h
Weeks 14
Hours 5 weekly
Courses 3 weekly
Exercises 2 weekly
Number of
positions
Summary

Introduce the students to general relativity and its classical tests.

Content
The course will be given on Zoom, the exercises in person
» The equivalence principle
« Introduction to differential geometry
» The Einstein equations and the Einstein-Hilbert action
* Perturbation theory for weak gravitational fields
* Gravitational waves
» The Schwarzschild solution and classical tests of GR
* Black holes

Learning Prerequisites

Required courses

Analytical mechanics
Classical Electrodynamics

Important concepts to start the course
Special Relativity

Learning Outcomes
By the end of the course, the student must be able to:
* Explain the basic concepts of special and general relativity
» Compute Christoffel symbols and curvatures from a given line element
* Derive the Einstein equations in linear perturbation theory for weak gravitational fields.
* Solve the Einstein equations in linear perturbation theory for weak gravitational fields.
« Explain the basics of gravitational radiation (equation of motion, generation and observation).
* Solve Einstein's field equations for static spherically symmetric problems
» Explain the observational effects at the scale of the Solar System that cannot be described by Newtonian gravity
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* Explain the space-time associated to the Schwarzschild black hole.

Teaching methods

The course will be given on Zoom, the exercises in person

Assessment methods

Final written exam

Supervision

Office hours No
Assistant.e.s Yes
Forum Yes
Resources

Bibliography

Ressources en bibliotheque

* Find the references at the Library

Références suggérées par la bibliothéque
* The classical theory of fields / Landau & Lifshitz

Notes/Handbook
Lectures notes will be provided in pdf format.

Moodle Link
* https://go.epfl.ch/PHYS-427

Relativity and cosmology |
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PHYS-428 Relativity and cosmology i
Gorbenko Victor
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. credits 6
Session Summer
Semester Spring
Exam Written
Workload 180h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

This course is the basic introduction to modern cosmology. It introduces students to the main concepts and formalism of
cosmology, the observational status of Hot Big Bang theory and discusses major physical processes in the early
Universe.

Content

- Basic facts about the Universe

- Red shift and Hubble expansion

- Homogeneous spaces and Friedman-Robertson-Walker metric

- Open, closed and spatially flat universe

- Matter dominated and radiation dominated Universe

- Cosmological constant and accelerated universe expansion

- Physical processes in the early Universe and the cosmic microwave background radiation
- Inflationary cosmology

Keywords

1. Expansion of the Universe

Hot Big Bang theory

Dark matter

Accelerated expansion of the Universe
Inflation

Cosmic Microwave background radiation

2

Learning Prerequisites

Required courses

Analytical Mechanics
Classical Electrodynamics
Statistical Physics |
Relativity and Cosmology |

Recommended courses
Quantum Physics I

Relativistic quantum fields |
Nuclear and Particle Physics |, Il

Learning Outcomes
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By the end of the course, the student must be able to:
« Estimate the lifetime of the Universe, knowing the cosmological parameters
» Formulate the main observational evidence for the hot Big Bang theory
* Describe basic cosmological epochs

Transversal skills

» Use a work methodology appropriate to the task.

Teaching methods

Ex cathedra and exercises

Assessment methods

final written exam 100%

Supervision

Office hours Yes

Resources
Bibliography
1. L. Landau, Lifshitz, "The classical Theory of Fields"
2. V. Rubakov, D. Gorbunov, "Introduction to the Theory of the Early Universe, Hot Big Bang Theory"

3. V. Rubakov, D. Gorbunov, "Introduction to the Theory of the Early Universe, Cosmological Perturbations
and Inflationary Theory"

Ressources en bibliothéque

* Find the references at the Library

Références suggérées par la bibliothéque

* The classical Theory of Fields/Landau & Lifshitz

Moodle Link
* https://go.epfl.ch/PHYS-428
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PHYS-400 Selected topics in nuclear and particle physics
Blanc Frédéric
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. lrelliz 5
Session Summer
Semester Spring
Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

This course presents the physical principles and the recent research developments on three topics of particle and
nuclear physics: the physics of neutrinos, dark matter, and plasmas of quarks and gluons. An emphasis is given on
experimental aspects in these three research fields.

Content
Neutrino physics:
* Neutrino mass measurements, beta and double-beta decay experiments.
» Neutrino mass generation mechanism, Majorana and Dirac particles.
* Neutrino oscillations, MNS matrix.
» Cosmic neutrinos : origin, energy spectrum and detection.

Dark matter:
* Evidence for dark matter from astronomical and cosmological data.

* Relic particles of the "Big bang". Candidates for dark matter, and link with particle physics beyond the Standard
Model.

« Direct and indirect searches for dark matter.

Quark gluon plasma (QGP):
» Plasma of quarks and gluons: properties, plasma signatures, production in the collisions of heavy ions.

Learning Prerequisites

Required courses
Nuclear and particle physics | and Il (PHYS-311, PHYS-312)

Recommended courses

Quantum physics | and Il (PHYS-313, PHYS-314), Particle physics | (PHYS-415)

Learning Outcomes

By the end of the course, the student must be able to:
* Interpret fundamental results in neutrino, dark matter, and quark and gluon plasma physics
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« Identify the physical observables in these three fields of research

* Discuss the experimental principles in these fields

» Assess / Evaluate the experimental methods and results presented in scientific publications
« Estimate the experimental sensitivity of experiments

Teaching methods

Ex cathedra and exercises in the classroom

Assessment methods

oral exam (100%)

Supervision

Office hours No
Assistant.e.s Yes
Forum Yes
Resources

Moodle Link

* https://go.epfl.ch/PHYS-400
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PHYS-433 Semiconductor physics and light-matter interaction
Butté Raphaél
Cursus Sem. Type Language of English
Electrical and Electronical Engineering MA1, MA3 Opt. teaching
Ing.-phys MA1, MA3 Opt. lrelliz “

. . . . . Session Winter
Minor in Quantum Science and Engineering H Opt. SETTESET Fall
Photonics minor H Opt. Exam Written
Physicien MA1, MA3 Opt. oo o
Quantum Science and Engineering MA1, MA3 Opt. Hours 4 weekly

Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

Lectures on the fundamental aspects of semiconductor physics and the main properties of the p-n junction that is at the
heart of devices like LEDs & laser diodes. The last part deals with light-matter interaction phenomena in bulk
semiconductors such as absorption, spontaneous & stimulated emission.

Content
1. Electronic properties of semiconductors
 Crystalline structures and energy band diagrams: essential features
* Impurities and doping
« Carrier statistics in equilibrium and out-of-equilibrium
* Electron transport in weak and strong fields
» Generation and recombination processes

2. Theory of junctions and interfaces
* p-n and metal-semiconductor junctions at and out of thermal equilibrium
* Heterojunction interfaces

3. Light-matter interaction in semiconductors
» Fermi's golden rule, absorption, optical susceptibility, Bernard-Duraffourg condition (optical gain condition)
» Spontaneous and stimulated emission of radiation
* Dielectric function, optical constants
 Radiative lifetime (2-level system and bulk semiconductors), photoluminescence spectra

Learning Prerequisites

Recommended courses

Solid State Physics | and Il (Bachelor), Quantum Electrodynamics and Quantum Optics (Master)
Quantum physics | and Il (Bachelor)

Learning Outcomes

By the end of the course, the student must be able to:
* Explain - the main electronic and optical properties of bulk semiconductors (band structure, doping, absorption,
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excitonic features) that are behind the first quantum revolution (transistors, LEDs and laser diodes)

* Identify - the main criteria governing the |-V characteristics of the p-n junction and explain its departure from ideality
(role of defects and Joule heating)

» Classify - semiconductors depending on their doping level (non-degenerate vs degenerate semiconductors)

» Compute - the Shockley-Read-Hall term, the bimolecular recombination coefficient and the Auger term entering into
the ABC model

» Compute - the absorption spectrum of direct bandgap bulk semiconductors
» Compute - the radiative lifetime of a 2-level system and that of a direct bandgap bulk semiconductor
* Explain - the main properties of tunnel diodes and solar cells

Transversal skills

* Give feedback (critique) in an appropriate fashion.

* Make an oral presentation.

» Demonstrate a capacity for creativity.

» Demonstrate the capacity for critical thinking

» Assess one's own level of skill acquisition, and plan their on-going learning goals.
« Summarize an article or a technical report.

Teaching methods

Ex cathedra with exercises

Expected student activities

Weekly graded homeworks to secure 1 point out of 6 (16.6% of the final grade)
Read the bibliographical ressources in order to fully integrate and properly use the physical concepts seen in the lectures
and the exercices

Assessment methods

Written exam (with 1 point out of 6 earned via compulsory weekly homeworks (16.6%))

Supervision

Office hours Yes
Assistant.e.s Yes
Others Office hours: appointments to be arranged by emails.
Resources
Bibliography

S. M. Sze, "Physics of semiconductor devices" 2nd edition (or > 2nd ed.) (John Whiley & Sons, New York,
1981)

P. Y. Yu and M. Cardona, "Fundamentals of Semiconductors, Physics and Materials Properties" 2nd edition
(or > 2nd ed.) (Springer, Berlin, 1999)

N. W. Ashcroft and N. D. Mermin, "Solid State Physics" (Saunders College Publishing, Fort Worth, 1976)

E. Rosencher and B. Vinter, "Optoelectronics" (Cambridge University Press, Cambridge, 2002)

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
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* https://go.epfl.ch/PHYS-433
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PHYS-419 Solid state physics lli
Herviou Loic
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Physicien MA1, MA3  Opt. credis 6
. - - Session Winter
Quantum Science and Engineering MA1, MA3 Opt. SETTESET Fall
Exam Oral
Workload 180h
Weeks 14
Hours 5 weekly
Courses 3 weekly
Exercises 2 weekly
Number of
positions
Summary

The aim of this course is to provide an introduction to the theory of a few remarkable phenomena of modern condensed
matter physics ranging from the quantum Hall effects to superconductivity.

Content

Magnetism of insulators

- Review of band theory

- Mott insulators and Hubbard model

- Heisenberg model
- Spin-wave theory of ferromagnets and antiferromagnets

Orbital magnetism of metals and semiconductors

- Landau levels
- De Haas-Van Alphen and Shubnikov-de Haas oscillations
- 2D electron gas: Integer and fractional Quantum Hall effects

Theory of superconductivity

- Electron-phonon interaction

- BCS theory

- Landau-Ginsburg theory

- Flux quantization and Josephson effect

Learning Prerequisites

Recommended courses

Good grasp of quantum mechanics and solid state physics say at the level of "Lectures on quantum
mechanics"” by Gordon Baym and "Solid state physics" by Ashcroft and Mermin

Learning Outcomes

By the end of the course, the student must be able to:
* Explore the quantum properties of solids and synthetic many body systems

Transversal skills
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» Access and evaluate appropriate sources of information.
« Continue to work through difficulties or initial failure to find optimal solutions.

Teaching methods

Ex cathedra. Exercises in class

Assessment methods

40% assessed homework, 60% oral exam

Resources
Bibliography
Lecture notes

Prerequisite for
Solid state physics IV

Solid state physics Il Page 2 /2



2026-2027 COURSE BOOKLET

PHYS-420 Solid state physics IV
Carbone Fabrizio

Cursus Sem. Type Leaeee

Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4  Opt. credis
Session
Semester
Exam
Workload
Weeks
Hours
Courses
Exercises

Number of
positions

Summary

cPFL

English

4
Summer
Spring
Oral
120h

14

4 weekly
2 weekly
2 weekly

Solid State Physics IV provides a materials and experimental technique oriented introduction to the electronic and
magnetic properties of strongly correlated electron systems. Established knowledge is complemented by current

research trends, aiming to prepare the students for independent research.

Content

1. Brief Introduction to Scattering and spectroscopic methods
- Neutron scattering

- X-ray scattering

- Electron scattering

- Angular resolved photoemission and optical spectroscopy
- out of equilibrium experiments

2. Bulk methods

- Transport, specific heat and susceptibility

3. Strongly correlated electron materials

- Transition metal oxides

- Cuprates: high-temperature superconductivity

- manganites: colossal magnetoresistance

4. Introduction to quantum magnetism

- Low-dimensional magnetism

- Rare-earth magnetism

- Quantum phase transitions

Learning Prerequisites

Recommended courses
Solid state physics | and Il or the equivalent to one of the book Aschroft & Mermin or Kittel

Learning Outcomes

By the end of the course, the student must be able to:
 Decide which experimental technique is suited to investigate a certain phenomenon or property
* Interpret experimental data in the context of phenomena encountered during the course
» Sketch the key electronic and magnetic properties of transition metal material classes

Transversal skills

Solid state physics IV
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* Make an oral presentation.
» Summarize an article or a technical report.

Teaching methods

Lectures, exercises, visit to Paul Scherrer Institut

Assessment methods

oral exam (100%)

Resources
Ressources en bibliothéque

* Transition metal compounds / Khomskii

Websites
* http://lgm.epfl.ch/

Moodle Link
* https://go.epfl.ch/PHYS-420

Solid state physics IV Page 2/2



2026-2027 COURSE BOOKLET

cPFL
PHYS-464 Solid state systems for quantum information
Scarlino Pasquale
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Minor in Quantum Science and Engineering E Opt. Credits “

— Session Summer
Physicien MA2, MA4 Opt. SETTESET Spring
Quantum Science and Engineering MA2, MA4  Opt. Exam Oral

Workload 120h

Weeks 14

Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly

Number of

positions

Summary

This course will give an overview of the experimental state of the art of quantum technology for Quantum Information
Processing (QIP). We will explore some of the most promising approaches for realizing quantum hardware and critically
assess each approach's strengths and weaknesses.

Content

We will provide a systematic introduction to experimental realizations of quantum information processing with solid-state
systems, with a particular focus on the Superconducting Circuit Quantum Electrodynamics platform. We will explore the
fundamentals of qubits, quantum gates, and measurements.

We will also introduce spin qubits defined by electrons and holes confined in a semiconductor environment. We will
explain how we can isolate single electrons or holes in semiconducting islands called quantum dots and control them to
perform quantum gates.

In addition, we will provide a thorough introduction to other physical implementations pursued in current research for
realizing more robust solid-state qubits. We will also analyze hybrid devices implemented combining spin and
mechanical degrees of freedom with superconducting technology on the same quantum device.

1. Introduction to Quantum Information Processing
* DiVincenzo criteria and universal quantum computers. Quantum gates, circuit representation. Example of algorithms.

2. Superconducting quantum hardware for quantum computing and QIP

» Understanding the physical concepts underlying superconducting qubits experiments: superconductivity and
Josephson effect. Superconducting Quantum Interference Device. Quantization of electrical circuits.

3. Josephson junctions-based circuits.

» Cooper-pair box and Quantronium. Flux and Phase qubit. The transmon (limit) and its use as a quantum bit.
Frequency tunability with SQUIDs. Fluxonium.

4. Measurement and Control of Superconducting qubits.

« Interfacing qubits and photons: circuit quantum electrodynamics (cQED). Design and fabrication of superconducting
circuits and Experimental Setup for cQED experiments. Dispersive limit and readout of superconducting qubits.
Characterizing qubit coherence.

5. Realizations of algorithms and protocols.
» Multiqubit devices: qubit/qubit interaction and entangling gates. Quantum Error Correction

6. Survey of other Physical Implementations for QIP: Electronic and nuclear spins in semiconductor quantum
dots.
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* Define Quantum Dots and Spin Qubits (Loss-Di Vincenzo, Singlet-Triplet, Exchange only,...) in GaAs, Si and Ge. Spin
to Charge conversion readout. Electron spin manipulation. Two Spin qubits gates. Scaling up spin qubits.

7. Survey of other Physical Implementations for QIP: Majorana fermions and Superconducting Protected qubits.

8. Circuit Quantum Electrodynamics with Hybrid Systems.

» Coherent coupling of Superconducting systems to: Charge and Spin system in QDs, small ensembles of spins,
mechanical systems. Electrically tunable Transmon (Gatemon).

Keywords

Quantum technology, quantum electrodynamics, quantum computing, quantum simulation, quantum optics, quantum
measurement, quantum devices

Learning Prerequisites

Required courses

All students with a general interest in quantum information science, quantum optics, and quantum
engineering are welcome to this course.

Basic knowledge of quantum physics and quantum systems concepts, e.g., from courses such as Quantum
Physics | and Il, or courses on topics such as atomic physics, solid-state physics, is a plus but not a strict
requirement for successful participation in this course.

Recommended courses
Quantum Physics I, Quantum Physics Il, Quantum Information and Quantum Computing

Important concepts to start the course
Superconductivity. Two-level system and harmonic oscillator in quantum mechanics.

Learning Outcomes

By the end of the course, the student must be able to:

* Develop a basic understanding of the different elements necessary to build superconducting and semiconducting
quantum circuits.

* Analyze and understand the scientific literature about the state-of-the-art of solid state quantum technology for
quantum information.

« Establish conceptual insight into the operation, opportunities, and challenges of various qubit implementations.

» Work out / Determine the requirements of quantum hardware for quantum computing and quantum information
technology.

* Compare various qubit implementations in different solid-state quantum platform.

Teaching methods

Ex-cathaedra, exercise classes. Mini-conference with student presentations.
In this course, lectures are combined with homework assignments as well as presentations of recent research papers.

Expected student activities

Weekly problem sheet solving, paper reading and presentation.

Assessment methods
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Oral examination

Resources
Bibliography
Reviews and research papers to be studied at home, material presented during lectures.

For a review of the basics of Quantum Information and Computing:

* Quantum computation and quantum information / Michael A. Nielsen & Isaac L. Chuang. Reprinted.
Cambridge: Cambridge University Press; 2001

For a review of superconducting quantum technology and circuit Quantum Electrodynamics:

* Girvin, S. M. (2011), Circuit QED: superconducting qubits coupled to microwave photons. Quantum
machines: measurement and control of engineered quantum systems, 113, 2.

* P. Krantz, et al., A quantum engineer's guide to superconducting qubits, Applied Physics Reviews 6,
021318 (2019); https://doi.org/10.1063/1.5089550

* Mahdi Naghiloo, Introduction to Experimental Quantum Measurement with Superconducting Qubits,
arXiv:1904.09291

* A. Blais, A. L. Grimsmo, S.M. Girvin, and A. Wallraff, Circuit quantum electrodynamics, Rev. Mod. Phys.
93, 025005 (2021).

For a review of semiconductor Spin Qubits:

* W. G. van der Wiel, S. De Franceschi, J. M. Elzerman, T. Fujisawa, S. Tarucha, and L. P.
Kouwenhoven, Electron transport through double quantum dots, Rev. Mod. Phys. 75, 1 (2002).

* R. Hanson, L. P. Kouwenhoven, J. R. Petta, S. Tarucha, and L. M. K. Vandersypen, Spins in few-electron
quantum dots, Rev. Mod. Phys. 79, 1217 (2007).

Ressources en bibliothéque

* Find the references at the Library

Références suggérées par la bibliothéque

* Spins in few-electron quantum dots / Hanson et al.

* Circuit quantum electrodynamics / Blais et al.

* Electron transport through double quantum dots / van der Wiel et al.

* Introduction to Experimental Quantum Measurement with Superconducting Qubits / Naghiloo
» A quantum engineer's guide to superconducting qubits / Krantz, et al.

Moodle Link
* https://go.epfl.ch/PHYS-464
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PHYS-510 Spintronics : basics and applications
Pivetta Marina, Rusponi Stefano
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. credis :
: Session Summer
Physics Opt. Semester Spring
Exam Oral
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

Starting from fundamentals of magnetism, the course develops the concepts required to understand and describe
reading and writing processes of a magnetic bit. Similarities and differences between classical and quantum systems are
addressed.

Content

Spintronics is one of the emerging fields focused on next-generation nanoelectronic devices aiming at reduced power
consumption and increased memory and processing capabilities. Such devices use not only the electron charge, as
traditional electronics does, but also the electron spin as an additional degree of freedom to boost performance. The
course provides the basis necessary to understand and describe spin dynamics in solids and nanostructures. The time
evolution of the magnetization under the torque generated by magnetic fields and spin currents is presented.
Applications to devices as hard disk drive (HDD) and magnetic random-access memory (MRAM) are discussed. Finally,
analogies and differences of spin dynamics in 3D/2D vs 0D (single atom bit) materials are shown.

1) Fundamentals of magnetism

- Magnetic moments (spin and orbital moment, Hund's rules)

- Spin-orbit interaction

- Exchange interactions (Heisenberg exchange, Dzyaloshinskii-Moriya interaction (DMI))

- Crystal field and magnetic anisotropy

2) Spin dynamics in solids and nanostructures

- Magnetization dynamics induced by magnetic fields and temperature

- Continuum approximation: Landau-Lifshitz-Gilbert (LLG) equation and its microscopic origin
- Bit reversal: coherent vs incoherent reversal

- Designing and writing the recording media in HDD

3) Spin transfer torque (STT)

- Giant (GMR) and tunnel (TMR) magnetoresistance, magnetic tunnel junctions (MTJ)

- Writing by means of spin-polarized currents: Landau-Lifshitz-Gilbert-Slonczewski (LLGS) equation
- GMR/TMR for reading heads in HDD, and for MRAM operation

4) Spin orbitronics

- Spin-orbit torque (SOT) at interfaces (Rashba-Edelstein effect, spin-Hall effect (SHE))

- SOT- MTJ vs. STT- MTJ: opportunities and challenges for devices

5) From continuum approximation to quantum dynamics

- Quantum tunneling of magnetization

- Single atom magnets and single ion molecular magnets

- Demagnetization induced by spin-phonon and spin-electron scattering

- Writing and reading single atom magnets with spin-polarized currents: spin polarized scanning tunneling microscopy
(SP-STM)

- Single atom magnets as qubit prototypes

Keywords
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spin, magnetoresistance, magnetization dynamics, qubits, magnetic anisotropy, exchange

Learning Prerequisites

Recommended courses
Basic knowledge in atomic and solid state physics is helpful

Learning Outcomes

By the end of the course, the student must be able to:
» Formulate the laws describing the macrospin dynamics of a classical magnetic bit
» Formulate the laws describing the spin dynamics of a qubit
« Assess / Evaluate the effect of a spin current on the magnetic state of a bit
* Interpret the results of a scientific experiment

Transversal skills

» Use a work methodology appropriate to the task.
» Demonstrate the capacity for critical thinking
« Summarize an article or a technical report.

Teaching methods

Ex cathedra with exercises in class

Assessment methods

Oral exam

Resources
Bibliography

1)  Spintronics: fundamental and applications; P. Dey and J. N. Roy, Springer 2021
2)  Introduction to spintronics; S. Bandyopadhyay and M. Cahay, CRC Press 2015

3)  Spintronics: A Primer; J. P. Ansermet, CRC Press 2024

Ressources en bibliotheque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-510

Spintronics : basics and applications
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PHYS-475 Statistical physics : theory of phase transitions
De Los Rios Paolo
Cursus Sem. Type Language of English
Ing.-phys MA1, MA3 Opt. teaching
Physicien MA1, MA3 Opt. CIERE 5
Session Winter
Semester Fall
Exam Written
Workload 120h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

Phase transitions are ubiquitous, from the first instants of the universe to living matter. Despite the vast difference in
microscopic details, some features of phase transitions are universal and can be explained by the careful use of
statistical mechanics, leading up to the renormalisation group.

Content

1: Introduction and Overview

What is a phase transition?

First-order vs. continuous transitions

Order parameters and broken symmetry

Examples: magnetization, liquid-gas density difference
Notions of criticality and universality

Importance of the thermodynamic limit

2: The Ising Model in 1D

Model definition and transfer matrix solution

Free energy, magnetization, correlation length

No phase transition in 1D with short-range interactions

3: Ising Model in 2D

Phase diagram and symmetry breaking

Numerical and heuristic insights into critical behavior
Notion of long-range order

4: Mean-Field Theory

Variational approach for the Ising model

Critical temperature, spontaneous magnetization
Mean-field critical exponents

Limitations of mean-field theory

5: Correlation Functions, Fluctuations and thermodynamic quantities
Connected correlation functions

Susceptibility and structure factor

Correlation length and scaling near criticality

6: Landau Theory of Continuous Transitions

Free energy expansions in terms of order parameters
Symmetry-based construction

Prediction of second-order behavior and exponents
Role of anisotropy and higher-order terms
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7: Ginzburg Criterion and Fluctuations
Ginzburg-Landau field theory

Breakdown of mean-field near lower dimensions
Upper critical dimension

Gaussian approximation

8: Scaling Hypothesis

Homogeneity of the free energy

Scaling forms for thermodynamic observables
Critical exponents and their relations

Widom and hyperscaling relations

9: Renormalization Group (RG): Basics
Coarse-graining and scale transformations
Fixed points, flows, and criticality

Relevant, irrelevant, and marginal operators
Universality classes and dimensionality

10: RG for the Ising Model

Real-space RG: decimation, Migdal-Kadanoff
Tu-expansion near 4D

Identification of universality classes

11: First-Order Phase Transitions
Discontinuity in the order parameter
Metastability and nucleation

Maxwell construction
Clausius-Clapeyron relation

Spinodal decomposition and hysteresis

12: Geometrical Critical Phenomena
Percolation: threshold, exponents, mean field-solution, mapping onto Potts models
O(n) model and the limit n->0 : self-avoiding walks

Keywords

Phase transitions
Critical exponents
Universality
Renormalisation group

Learning Prerequisites

Required courses
Basic Statistical Mechanics

Learning Outcomes
By the end of the course, the student must be able to:
» Use mean-field to solve models
» Use computational methods to solve models
» Demonstrate formal derivation
* Identify strengths and weaknesses of different solution methods

Statistical physics : theory of phase transitions Page2/3



2026-2027 COURSE BOOKLET

» Solve models using the renormalisation group

Assessment methods

Written exam

Resources
Moodle Link
* https://go.epfl.ch/PHYS-475
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PHYS-441 Statistical physics of biomacromolecules
De Los Rios Paolo
Cursus Sem. Type Language of English
Computational and Quantitative Biology Opt. teaching
Ing.-phys MA1, MA3 Opt. lrelliz “

. . . . Session Winter
Life Sciences Engineering MA1, MA3 Opt. SETTESET Fall
Physicien MA1, MA3 Opt. Exam Oral

. Workload 120h
Physics Opt. Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

Biological macromolecules such as DNA, RNA, proteins and cytoskeletal filaments are polymers. As such, they share a
set of properties that are common to any polymer, which are the focus of this course. Details about the protein folding
problem will be covered in the last part.

Content

1. Introduction to polymer theory: on and off-lattice polymers; statistical

properties; exact, numerical and approximate results; correlation length;

self-avoidance.

2. Interacting polymers: experiments and models; analytical and

numerical solutions of the models; phase diagram.

3. Proteins: their role in biology; basic components; experimental results;

models; analytical and numerical results. Key questions: evolution.

4. Folding proteins by co-evolution: how comparative genomics has inspired physics models that in turn have inspired
AlphaFold.

5. Protein folding in the cell: the protein homeostasis network of the cell.

Learning Prerequisites

Recommended courses
Course of Statistical Physics

Learning Outcomes

By the end of the course, the student must be able to:
* Solve problems in polymers statistical physics
* Model biological polymers.
* Prove exact results
* Reason by the numbers

Transversal skills

» Assess one's own level of skill acquisition, and plan their on-going learning goals.

Teaching methods
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Ex cathedra. Exercises in class

Assessment methods

oral exam

Resources

Notes/Handbook
Handwritten notes.

Moodle Link
* https://go.epfl.ch/PHYS-441
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PHYS-512 Statistical physics of computation
Erba Vittorio, Krzakala Florent, Vacat ., Zdeborova Lenka
Cursus Sem. Type Language of English
Computer science MA1, MA3 Opt. teaching
Cybersecurity MA1, MA3 Opt. Credits 4
. Session Winter
Data Science MA1, MA3  Opt. Semester Fall
Ing.-phys MA1, MA3 Opt. Exam Written
. Workload 120h
Physicien MA1, MA3 Opt. Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

The students understand tools from the statistical physics of disordered systems, and apply them to study computational
and statistical problems in graph theory, discrete optimisation, inference and machine learning.

Content

Interest in the methods and concepts of statistical physics is rapidly growing in fields as diverse as theoretical computer
science, probability theory, machine learning, discrete mathematics, optimization, signal processing and others. Large
part of the related work has relied on the use of message-passing algorithms and their connection to the statistical
physics of glasses and spin glasses.

This course covers this active interdisciplinary research landscape. Specifically, we will review the statistical physics
approach to problems ranging from graph theory (e.g. community detection) to discrete optimization and constraint
satisfaction (e.g. satisfiability or coloring) and to inference and machine learning problems (learning in neural networks,
clustering of data and of networks, compressed sensing or sparse linear regression, low-rank matrix factorization).

We will expose theoretical methods of analysis (replica, cavity, ...) algorithms (message passing, spectral methods, etc),
discuss concrete applications, highlight rigorous justifications as well as present the connection to the physics of glassy
and disordered systems.

This is an advanced theoretical course that is designed for students with background in mathematics, electrical
engineering, computer science or physics. This course exposes advanced theoretical concepts and methods, with
exercises in the analytical methods and usage of the related algorithms.

Learning Prerequisites

Important concepts to start the course

For physics students Statistical physics | and Il (or equivalent) is required.

This lecture is accessible to students in mathematics, electrical engineering, computer science without any
previous training in statistical physics. Those students are expected to have strong interest in theory,
probabilistic approaches to analysis of algoriths, high-dimensional statistics or probabilistic signal
processing.

Learning Outcomes

By the end of the course, the student must be able to:
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 Analyze theoretically a range of problems in computer science and learning.
* Derive algorithms for a range of computational problems using technics stemming from statistical physics.

Teaching methods

2h of lecture + 2h of excercise

Assessment methods

Final written exam.

Resources
Bibliography

Information, Physics and Computation (Oxford Graduate Texts), 2009, M. Mézard, A. Montanari
Statistical Physics of inference: Thresholds and algorithms, Advances in Physics 65, 5 2016, L. Zdeborova
& F. Krzakala, available at https://arxiv.org/abs/1511.02476

Ressources en bibliothéque

* Find the references at the Library

Références suggérées par la bibliothéque

« Statistical Physics of inference: Thresholds and algorithms / Zdeborova & Krzakala

Notes/Handbook

Policopié "Statistical Physics methods in Optimization & Machine Learning" by L. Zdeborova & F. Krzakala,
available at https://sphinxteam.github.io/EPFLDoctoralLecture2021/Notes.pdf

Moodle Link
* https://go.epfl.ch/PHYS-512
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PHYS-436 Stochastic methods in classical & quantum physics
Kippenberg Tobias
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4  Opt. credis 6
. - - Session Summer
Quantum Science and Engineering MA2, MA4 Opt. Semester Spring
Exam Written
Workload 180h
Weeks 14
Hours 4 weekly
Courses 2 weekly
Exercises 2 weekly
Number of
positions
Summary

Noise and fluctuations play a crucial role in science and technology. This course treats stochastic methods, applying
them to both classical problems and quantum systems. It emphasizes the frameworks of fluctuation-dissipation
theorems, stochastic differential equations, and Markov processes.

Content
I. Introduction to classical non-equilibrium thermodynamics
* Brownian Motion and Einstein relation
« Stochastic differential equation, Ito calculus and Fokker Planck equations
» Anomalous Diffusion, Levy Flights
» Metastabilty and Kramers escape rate problems
* Mesoscopic Master equation

Il. Statistical Mechanics of Linear Response
* Kubo Formula
* Fluctuation Dissipation Theorem
» Markovian Processes
» Non-equilibrium Fluctuation theorems: Jarzinsky and Crook equality
» Metropolis Hastings algorithm for simulation of state space

lll. Open Quantum Systems: stochastic methods in Quantum Optics
» The quantum Master equation and open quantum systems
» The damped quantum mechanical harmonic oscillator
» Two level system in a heat bath, de-phasing processes.
» Quantum stochastic Langevin equations
* Quantum optical master equation and numerical methods of solution (QuTip Python)
* Classical versus Quantum mechanical spectral densities

IV. Special topic (1 Week): Probabilistic data analysis. Metropolis Hastings / Monte Carlo Markov Chains
Algorithm in Bayesian Statistical Analysis

* Applications of Markov Chain Monte Carlo (MCMC) to Bayesian Statistical analysis (using the EMCEE Python
package). This has proven useful in too many research applications of which the Wilkinson Microwave Anisotropy
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Probe (WMAP) cosmology mission provide a dramatic example.

Additional Learning outcomes:
 program Jupyter notebooks based on Python to simulated Brownian motion, escape rate problems, etc.
« Utilize QuTip (quantum optical toolbox)
» Use EMCEE Monte Carlo Markov Chain for for Stat. Data analysis

Learning Prerequisites

Required courses
Quantum Optics advantageous

Recommended courses

Statistical physics I, 11, Il
Quantum Optics

Learning Outcomes
By the end of the course, the student must be able to:
» Formulate correct mathematical models of statistical processes
« Solve succesfully the quantum master equation using QuTip in Python
» Apply numerical simulation tools to non-equilibrium systems
* Explore the quantum optical numerical Toolbox (MATLAB)
* Visualize non-equilibrium processes numerically using Jupyter Notebooks
* Elaborate modern examples from Literature of Non-Equilibrium Processes
» Apply EMCEE Python package to Bayesian statistical data analysis

Transversal skills

* Make an oral presentation.

« Summarize an article or a technical report.

» Use both general and domain specific IT resources and tools
 Take feedback (critique) and respond in an appropriate manner.

Teaching methods

The teaching approach combines classical blackboard lectures and homework exercises with modern active learning
techniques: topical research paper presentations and numerical simulations of the studied equations. In addition, we
provide video recordings and summary slides for each lecture.

Expected student activities

Weekly graded homeworks for an extra point.

Assessment methods

Written exam (plus extra points via weekly homeworks)

Supervision
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Assistant.e.s Yes

Resources
Bibliography
* Primary references:

* Scientific Papers (e.g. Nonequilibrium Measurements of Free Energy Differences for Microscopically
Reversible Markovian Systems, and many more)

» Other references. Selected chapters of the books:

* Risken H. The Fokker-Planck equation.. methods of solution and applications (2ed., Springer,
1989)(T)(485s)

 Gardiner - Handbook of stochastic methods (2ed., Springer, 1997)
» Markov Processes, Gillespie

« Statistical Methods in Quantum Optics 1 HJ Carrmichael

* Lévy statistics and laser cooling;, Cambridge University Press

* Quantum Noise, Gardiner Zoller, Springer

Notes/Handbook
Moodle with Notes, papers, and bookchapters

Moodle Link
* https://go.epfl.ch/PHYS-436
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PHYS-505 The standard model
Riembau Saperas Marc
Cursus Sem. Type Language of English
Physicien MA1, MA3 Opt. teaching
BhySics Obl. Credits 8
Session Winter
Semester Fall
Exam Oral
Workload 240h
Weeks 14
Hours 4 weekly
Courses 3 weekly
Exercises 1 weekly
Number of
positions
Remark
MAS only
Summary

The goal of this course is to explain the conceptual and mathematical bases of the Standard Model of fundamental
interactions and to illustrate in detail its phenomenological consequences.

Content

- Non-abelian gauge theories

- Higgs mechanism and massive gauge theories

- Quarks and Leptons

- Basic electroweak phenomenology

- The flavour structure: quark masses and mixing

- Strong interactions

- Basic flavour phenomenology

- The Standard Model as an Effective Field Theory

Keywords

fundamental interactions, particle phenomenology, gauge theories, Higgs mechanism

Learning Prerequisites

Required courses
Relativistic Quantum Fields | et Il, Advanced Quantum Mechanics, Advanced Quantum Field Theory

Recommended courses
General Relativity, Cosmology

Expected student activities

Appreciate the conceptual foundations of the Standard Model as a theory of fundamental interactions and quantitavely
understand its phenomenological success. Be able to concretely apply the Standard Model theory to the prediction of
physical processes.

Assessment methods
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The course will have a final oral exam (80% of the final grade). Weekly exercises will complement the evaluation (20%)

Supervision

Office hours Yes
Assistant.e.s Yes
Resources

Bibliography

M. Peskin and Daniel Schroeder, An Introduction to Quantum Field Theory
T-P. Cheng and L-F. Li, Gauge Theory of Elementary Particle Physics

Ressources en bibliothéque

* Find the references at the Library

Moodle Link
* https://go.epfl.ch/PHYS-505
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PHYS-466 Topics in biophysics and physical biology
Manley Suliana
Cursus Sem. Type Language of English
Ing.-phys MA2, MA4 Opt. teaching
Physicien MA2, MA4 Opt. Credis 3
Session Summer
Semester Spring
Exam During the
semester
Workload 90h
Weeks 14
Hours 3 weekly
Courses 2 weekly
Exercises 1 weekly
Number of
positions
Summary

This course provides exposure to research in biophysics and physical biology, with emphasis on the nature of scientific
breakthroughs, and using critical reading of scientific literature. Each week, we will discuss the research of one recipient
of the Max Delbruck Prize in Biological Physics.

Content

What constitutes a scientific breakthrough? An outstanding contribution to a scientific field? We will examine these
questions by delving into the research of several recipients of the Max Delbruck Prize in Biological Physics, awarded
bi-annually/annually by the American Physical Society. Course materials include video lectures by the prize recipients, as
well as scientific literature. Students will have the opportunity to analyze, synthesize, and present synopses of chosen
areas in Biological Physics.

Learning Outcomes
By the end of the course, the student must be able to:
* Discuss
* Reason
» Argue
* Present
» Synthesize
* Analyze

Transversal skills

» Access and evaluate appropriate sources of information.

* Make an oral presentation.

« Summarize an article or a technical report.

» Write a literature review which assesses the state of the art.

Assessment methods

Continuous assessment includes oral and written contributions from students.

Resources
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Moodle Link
* https://go.epfl.ch/PHYS-466
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PHYS-597

Cursus
Physicien

Remarque

Travail de spécialisation pour master en physique

Profs divers *

MA1, MA2, Opt.

Langue
d'enseignement

Creédits
Session
Semestre
Examen

Charge
Semaines
Heures
Projet
Nombre de
places

cPFL

francais /
anglais
30

Hiver, Eté
Automne

Pendant le
semestre

900h

680 hebdo
680 hebdo

Durée du travail de spécialisation interne : un semestre - Durée du travail de spécialisation externe: min. 4 mois, max. 6

mois / Duration of a internal specialisation semester (EPFL): one semester. E

Résumé

Students have the opportunity to apply their knowledge in a project contributing to specialize them in a physics field. The
project can take place in a laboratory at EPFL, in an external laboratory or in a research institute.

Contenu

Students develop a physics-related project that allows them to acquire new knowledge and practical experience in a
specific fiels under the supervision of a professor from Physics section. The person in charge of the work may ask the
student to obtain specific training.

Doctoral courses could be required for some labs. Information here:
https://epfl.ch/schools/sb/sph/en/master/master-in-physics/specialization-semester

Credits for the specialization semester are awarded based on the evaluation of the specialization work. There are no

credits assigned for courses taken in the specilalization semester.

Acquis de formation

A la fin de ce cours I'étudiant.e doit étre capable de:
» Développer un probléme de physique complexe

» Défendre une solution

 Synthétiser la démarche pour solutionner le probléme
* Modéliser un systéme ou un processus
* Appliquer des compétences a un concept ou une solution technique

Compétences transversales

» Comparer I'état des réalisations avec le plan et I'adapter en conséquence.
« Etre conscient et respecter les régles de l'institution dans laquelle vous travaillez.

» Gérer ses priorités.

« Ecrire un rapport scientifique ou technique.

» Communiquer efficacement et étre compris y compris par des personnes de languages et cultures différentes.

* Recueillir des données.

» Accéder aux sources d'informations appropriées et les évaluer.

Travail de spécialisation pour master en physique
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Méthode d'évaluation
Written report and oral presentation to relevant staff and to the supervisor.

Ressources
Liens Moodle
* https://go.epfl.ch/PHYS-597
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