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Abstract

This review paper is devoted to the understanding of free-electron lasers (FEL) as devices for

fundamental physics (FP) studies. After clarifying what FP stands for, we select some aspects of

the FEL physics which can be viewed as fundamental. Furthermore, we discuss the perspective

uses of the FEL in FP experiments. Regarding the FP aspects of the FEL, we analyze the

quantum electrodynamics (QED) nature of the underlying laser mechanism. We look for the

truly quantum signature in a process whose phenomenology is dominated by classical effects. As

to the use of FEL as a tool for FP experiments we discuss the realization of a device dedicated

to the study of non-linear effects in QED such as photon-photon scattering and shining-through-

the-wall experiments planned to search for dark matter candidates like axions.
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1. Introduction

The free-electron laser (FEL) radiation is becoming an increasingly popular tool to study the

interaction of “light” with “matter”. We have used quotes to mention light and matter because

we will refer to these terms in a broader sense. Light stands e.g. for electromagnetic radiation,

whereas matter is anything with mass including dark matter. We will further extend the concept

of light by including e.g. static fields and by discussing the equivalence between emission by

undulator magnet and the Compton backscattering.

FEL is based on a mechanism which is a paradigmatic example of fundamental physics (FP)

processes. It is indeed accounted for in terms of the interaction between the archetypes of

fundamental particles in quantum electrodynamics (QED), namely photons and electrons.
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