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Quantum optics is the fundamental theory for light-matter interactions, or with more
generality, for quantum electrodynamics at low energies. This course thoroughly
introduces the basics of this vast field, which is intimately connected to other fields such as
guantum information and condensed matter physics.
Starting from basic quantum mechanics and optics, key concepts in quantum optics are
introduced in a consistent, self-contained fashion. Although the course focuses on the
theoretical concepts, these are connected to relevant experimental observations.
The course covers a variety of basic topics in the field. In particular, it introduces the
*Course quantum theory of the electromagnetic field, including its most important types of states,
Description how to generate them, and how to detect them. Students also learn about the quantum

theory of matter (including atoms, dielectric materials, and other modern solid-state
systems such as superconducting circuits) and its interactions with the electromagnetic
field. One of the distinguishing features of quantum optics is that it deals with systems out
of equilibrium (e.g., driven by lasers) that exchange energy and information with their
environment (e.g., an optical cavities loosing light through imperfect mirrors). Hence, the
course also covers the theory of open quantum systems, which is of fundamental relevance
to essentially all branches of (quantum) physics.

Overall, this is a course that no one with interest in modern quantum mechanics should
miss, since it dives directly into the core of the theory, but builds towards the description
of modern quantum technologies linked to computing, communication, and sensing.




WAL HAr 5 W% (Course objectives and contents)

After the course, the student will be able to:

1. Apply the laws of quantum mechanics to practical scenarios
23 B 2. Quantize the electromagnetic field subject to different boundary conditions
S ) & 3. Understand quantum states and visualize them in phase space
O(tij:;r;i) 4. Use light-matter interactions to create interesting quantum states
5. Derive evolution equations for general open quantum systems and solve them
6. Understand how to detect and use the light coming out of cavities and matter
7. Design effectively desired Hamiltonians by using more fundamental interactions
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Clarify the proportion and grading plan of online teaching and classroom instruction

Final grade based on homework given after finishing each chapter (35%) and the final

(frtfﬂ?:gi—)t written exam (65%).
[In all cases the instructor will take into account that English is not the first language of the
students and value their effort accordingly]
*HM LS Y | The main material consists on detailed and self-contained lecture notes from the
Bl instructor, which will be available in the webpage of the course (to be published as a book

(Textbooks &
Other Materials)

by IOP publishing next year).




The blackboards will also be available after each lecture, in order for students to know
exactly what was introduced in class (material not mentioned in class will not count for the
exam).

Other textbooks complementary to or extending the material above for interested
students:

* C. Navarrete-Benlloch, An introduction to the formalism of quantum information with
continuous variables (Institute of Physics publishing, 2015).

* C. Cohen-Tannoudji, J. Dupont-Roc, and J. Grynberg, Photons and atoms: Introduction to
quantum electrodynamics (John Wiley & Sons, 1989).

* D. F. Walls and G. J. Milburn, Quantum optics (Springer, 1994).

* L. Mandel and E. Wolf, Optical coherence and quantum optics (Cambridge University
Press, 1995).

* M. 0. Scully and M. S. Zubairy, Quantum optics (Cambridge University Press, 1997).

* H. J. Carmichael, Statistical methods in quantum optics 1: Master equations and
Fokker—Planck equations (Springer Verlag, 1999).

* H. J. Carmichael, Statistical methods in quantum optics 2: Non-classical fields (Springer
Verlag, 2008).
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(More)
The course content and evaluation methods may be adjusted according to the students
s preferences and interests.
(Notes) , . .
The lecturer is flexible and will try to make a course where students feel comfortable,
motivated, and able to pass with just a reasonable amount of work.
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