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ICN2 – Lecture series on “How can we use photons to study 
the properties of condensed matter? ” 
                                        
November to December 2014 
 
Lecturers: Dr. Sebastian Reparaz, Dr. Francesc Alzina, Dr. Bartlomiej Graczykowski, Dr. 
Markus R. Wagner, and Dr. Jordi Gomis-Brescó 
(Duration: 8 hours approximately divided in blocks of about 1 hour each) 
 
In condensed matter science we usually deal with three main (quasi-)particles: 
photons, electrons, and the collective vibrations of atoms, called phonons. Each type 
of these particles is connected to a diversity of material properties. For example, 
electrons and photons are mainly responsible for the optical activity of many 
materials, i.e. their absorption, reflectance, and optical emission, whereas phonons 
determine the speed of sound and thermal properties. By controlled doping and 
smart engineering of materials and devices the interaction between these particles 
can be tuned to produce e.g. efficient blue light emitters based on Nitride 
semiconductors - a breakthrough in material science and technology which was just 
honored with the 2014 Nobel Prize in physics. In general, there are many different 
approaches to obtain information about condensed matter based on the interaction 
of these particles. While electrons and phonons mainly determine the performance 
of nowadays semiconductor technology by electrical conduction and heat 
propagation, the study of light-matter interaction by photons provides a nearly 
unlimited amount of information about condensed matter properties and 
application and constitutes a research field that is still growing by the continuous 
development of new materials and light sources since the operation of the first laser 
in 1960. 
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The purpose of this set of lectures is to introduce the concept of optical spectroscopy 
with specific focus on condensed matter. The interaction between photons, 
electrons, and phonons will be introduced in order to achieve a fundamental 
understanding on the mechanisms involved in these processes. The potential  of 
different optical techniques will be explained by focusing on materials of current 
research interests. Among others, we will discuss the case of low dimensional carbon 
based materials such as graphene and carbon nanotubes, transparent conductive 
oxides (TCOs), and silicon nanostructures as a text book example. Recent 
developments of opto-mechanical systems to understand and tailor the interaction 
of photons and phonons will be discussed towards the end of this module of 
lectures. Besides offering the participants an introductory background into this field 
of condensed matter research, a main objective of these lectures will be to enhance 
the interaction between local researchers and groups which will be a natural 
consequence of discussion of different scientific topics in a friendly and scientifically 
stimulating atmosphere. Active contributions and interactions between the 
participants and lectures are highly encouraged aiming towards building future 
modules of the lecture series together in line with common research interests of the 
participants. 
 
 
 
 
 
 
 
 
 
 

2/2 

OPEN KNOWLEDGE PROGRAM 


