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Overview
Biomedical optics studies the fundamental aspects of the light interaction with biomolecules, living cells and biological tissues. It develops sensing and imaging technologies to be used in a broad domain spanning from basic research to clinical practices.
It is a highly interdisciplinary branch of science and technology that combines photonics, biophysics, biochemistry and nanotechnology. The focus will be on the most widely used spectroscopic and bioimaging techniques, including Raman and Surface Enhanced Raman spectroscopy (SERS), circular dichroism spectroscopy, nonlinear optical spectroscopy, super resolution and quantum imaging. 
Learning outcomes
On successful completion of this course, students should have the skills and knowledge to:
· Understand the fundamentals, principles, applications, limits of all concepts, methods and topics covered by this course;
· Apply/implement concepts and principles introduced in the lectures to solve practical problems;
· Self-learn and choose the best approach to be used for particular biomedical photonics task.
Content
· (topic 1) Introduction to physics of biosystems.
· (topic 2) Fluorescence in biomedical optics. Fluorescent biosensors. Color centers in diamonds. Quantum biosensing. 
· (topic 3) Plasmonic biosensors and detectors.
· (topic 4) Raman spectroscopy. SERS &TERS.
· (topic 5) Hyperspectral bioimaging. Medical Applications. 
· (topic 6) Super-resolution imaging techniques. Structured Illumination. Localization microscopies. STORM, dSTORM,..
· (topic 7) Super-resolution imaging techniques. PALM, SMLM, DNA-PAINT... 
· (topic 8) Photoacoustics. Visualization and medical treatment. 
· (topic 9) Super-resolution optical fluctuation imaging (SOFI) and its derivatives. Modern approaches to data analysis, including non-classical effects.
· (topic 10) Second and Third Harmonic Generation microscopies (SHG & THG). CARS. 
· (topic 11) Terahertz bioimaging. Photonic jets.
· (topic 12) Optical coherence tomography (OCT). Endoscopy. Lasers in medicine (ophthalmology and cosmetology). 


Teaching methods
· Lectures: 24 hours in order to introduce the concepts, methods and related applications;
· Practical exercises: 6 hours through contact teaching in groups;
· Project work: 4 hours of students’ presentations to go deeply into particular sensing/imaging/microscopy method.
Study materials (to be proposed during the course, just some examples are given here)
· Biophysics. Tools and Techniques by Betty Karasek  (2017).
· The Optics of Life: A Biologist's Guide to Light in Nature Paperback by Sönke Johnsen  (2011)
· Cutting Edge Techniques in Biophysics, Biochemistry and Cell Biology: From Principle to Applications by Neetu Mishra, Anupam Jyoti (2019)
· Biomedical Optics by Lihong V. Wang, Hsin-i Wu (2007)
· Collection of modern review papers and original manuscript related to biosensing and super resolution bioimaging.
· Tutorials, lectures and notes provided by the course instructor.
Assumed Knowledge
· Master level on optics and photonics;
· Bachelor level on solid state physics and nanotechnology ;
· High school level knowledge of biology.
Evaluation criteria
· Written exam 60%;
· Written assignments / Practical exercises 20%;
· Project work 20%;
· Participation in voluntary exercises, gives extra points (max 10%).
