Erasmus Mundus Joint Master Degree Photonics for Security Reliability and Safety 	           
Advanced Photonics
5 ECTS						UJM semester 3
Part 1: Non-Linear Optics
Course instructor: Dr. Vincenzo De Michele, 
Language of instruction: English
3 ECTS
Overview
R. W. Boyd described nonlinear optics as “the study of phenomena that occur as a consequence of the modification of the optical properties of a material system by the presence of light. Typically, only laser light is sufficiently intense to modify the optical properties of a material system. (…) Nonlinear optical phenomena are “nonlinear” in the sense that they occur when the response of a material system to an applied optical field depends in a nonlinear manner on the strength of the optical field.” The field of nonlinear optics is now sixty years old, if we take its beginnings to be the observation of second-harmonic generation by Franken and coworkers in 1961, shortly after the demonstration of the first working laser by Maiman in 1960. Interest in this field has grown continuously since its beginnings, and the field of nonlinear optics now ranges from fundamental studies of the interaction of light with matter to applications such as laser frequency conversion and optical switching. In fact, the field of nonlinear optics has grown so enormously that it is not possible to cover all of the topics of current interest in a single 24 hours course.
Nonlinear optics is notationally very complicated, and unfortunately much of the notational complication is unavoidable. Because the notational aspects of nonlinear optics have historically been very confusing, effort is made to explain the notational conventions. The intent of the course is to provide an introduction to the field of nonlinear optics that stresses fundamental concepts and that enables the student to go on to perform independent research in this field. In addition, since this course is to be accessible at the level of an advanced undergraduate or a beginning graduate student, the topics are treated in a self-contained manner and include applications and experimental results only as necessary to illustrate the fundamental issues.
The course is organized as follows: Chapter 0 is a reminder about tensor properties and optical wave propagation in linear media. Chapter 1 presents an introduction to the field of nonlinear optics from the macroscopic perspective of the nonlinear susceptibility which is a quantity that is used to determine the nonlinear polarization of a material medium in terms of the strength of an applied optical-frequency electric field. It thus provides a framework for describing the propagation of light through nonlinear optical media by means of the optical wave equation. Chapter 2 continues with the specific characteristics of the second order nonlinear phenomena, also known as three waves interactions. It thus allows to solve the optical wave equation by mean of the nonlinear polarization. This chapter introduces the important concept of phase matching and is illustrated by basic exercises to master the calculation of the non linear polarization in some simple configurations and several case studies of the historically most relevant second order nonlinear optical phenomena and applications. Chapter 3 continues with the specific characteristics of the third order nonlinear phenomena, also known as four waves interactions. Emphasis is put on optical Kerr effect and the fundamental issues are illustrated by their applications to optical phase conjugation, self-focusing, optical bistability and pulse propagation. Last chapter is aimed towards the description of light scattering which occurs as a consequence of fluctuations in the optical properties of a material medium.

Learning outcomes
On successful completion of this course, students should have the skills and knowledge to:
· Understand and master basic knowledge, theories and methods related to non linear optics;
· Identify, formulate and solve practical basic problems related to the use of non linear optical phenomena;
· Select the appropriate material and configuration of the light beams to design and develop practical applications of non linear optical properties;
· Conduct themselves professionally and responsibly in the areas of non linear optics.
Content
· Reminders about electromagnetism in linear media
· Introduction to non linear optics
· Second order non linear optical effects
· Third order non linear optical effects
· Several basic tutorials 
· Case study 1: Second harmonic generation
· Case study 2: Pockels effect and electro-optic modulation
· Case study 3: Sum of frequencies in a BBO crystal
· Case study 4: Parametric interaction
· Case study 5: Optical parametric oscillation
· Case study 6: Phase matching by mean of periodic modulation
· Case study 7: Cascade of second order non linear effects
· Case study 8: Optical rectification and linear electro-optic effect

Teaching methods	
· Lectures and tutorials : 24 hours
Study materials	
· R. W. Boyd, "Nonlinear Optics", Academic Press (2008), ISBN 978-0123694706 
· N. Bloembergen, “Non linear optics”, W.A. Benjamin, New-York (1965) 
· G.C. Baldwin, “An introduction to non linear optics”, Plenum Press New-York 
· J. Moloney et A. C. Newell, “Nonlinear Optics”, Perseus (2004). 
· Y. Kivshar et G. Agrawal, “Optical Solitons”, Academic Press (2003). 
· D.L. Mills, “Nonlinear Optics”, Springer (1991). G.P. Agrawal, “Nonlinear Fiber Optics”, Academic Press (2001). 
· T. Dauxois et M. Peyrard, “Physics of Solitons”, Cambridge (2006). 
· D. L. Mills, "Nonlinear Optics: Basic Concepts", Springer (2008), ISBN 978-35406418276 
· Yuon-Ren Shen, "The Principles of Nonlinear Optics", Wiley 
· F. Zernike and J.E. Midwinter, “Applied non linear optics”, Wiley 
· D.S. Chemla and J. Zyss, “Non linear optical properties of organic molecules and crystals”, Volumes 1 et 2, Academic Press 
· François Sanchez, "Optique non-linéaire : Cours et problèmes résolus", Ellipses 
· J.C. Garrison and R.Y. Chiao, "Quantum optics", Oxford University Press 
· Valerio Scarani with Chua Lynn and Liu Shi Yang, "Six quantum pieces: a first course in quantum physics", World Scientific 
· V.G. Dimitriev, G.G. Gurzadyan and D.N. Nikogosyan, “Handbook of non linear optical crystals”
Assumed Knowledge
· Electromagnetism
· Geometrical and linear optics
Evaluation criteria
· Oral presentation 40%
· Written exam 60%



Part 2: Quantum Light Sources for secure communications
Course instructor: Christophe Couteau, 
Language of instruction: English
2 ECTS
Overview
This course will cover the basics of the recent developments using quantum light sources and theirs applications for photonics and secure communications. This course does not presume a deep understanding of quantum physics and a minimal kit to work with quantum light fields is covered in an introduction chapter.
The second chapter discusses what is meant by quantum light and quantum optics and the different quantum states of light. These include single photon states, entangled photons and squeezed states. The 3rd chapter introduces some basic optical phenomena and measurement that can be conducted in a lab with quantum light: generation of entangled pairs with spontaneous parametric down-conversion, two-photon interference (Hong-Ou-Mandel effect) and single photon sources. The 4th chapter discusses application in quantum cryptography. First a quick summary of classical encryption is introduced (Shannon theory, Diffie-Hellman key exchange, RSA cryptosystem) and finally concepts in quantum communication and quantum key distribution are discussed (Wiesner’s quantum money, BB84, B92).
Learning outcomes
On successful completion of this course, students should have the skills and knowledge to:
· Master basic concepts in quantum optics
· Manipulate quantum light expressions
· Use simple python scripts to simulate quantum cryptography schemes (Qis|krypt> package)
Content
· Quantum physics toolkit for quantum optics
· Quantization of the electromagnetic field
· Phenomena in quantum optics
· Quantum cryptography
Teaching methods	
· Lectures and tutorials : 24 hours
Study materials	
· Barnett, S. (2009). Quantum information (Vol. 16). Oxford University Press.
· Le Bellac, M. (2006). A short introduction to quantum information and quantum computation. Cambridge University Press.
· [bookmark: _GoBack]Loudon, R. (2000). The Quantum Theory of Light. Oxford University Press.
Assumed Knowledge
· Electromagnetism
· Basic quantum mechanics
Evaluation criteria
· Written exam 100%


