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Synchrotron light generally designates the electromagnetic radiation emitted when electrons, 

moving at velocities close to the speed of light, are forced to change direction under the action of a 
magnetic field. Although natural synchrotron radiation (SR) from charged particles spiralling around 
magnetic field lines in space is as old as the stars, short-wavelength synchrotron radiation generated 
by relativistic electrons in circular accelerators is only about a half century old. The first observation—
literally, since it was visible light that was seen—occurred at the General Electric Research 
Laboratory in Schenectady, New York in 1947. The first generation synchrotron facilities were 
originally constructed as particle accelerators for the high-energy physics community to conduct 
experiments on the fundamental properties of matter. Soon after their commissioning it was realized 
that large quantities of electromagnetic radiation, including X-rays, were produced. In the 60 years 
since, SR has become a premier research tool for the study of matter in all its variety, and dedicated 
facilities around the world were built and continuously evolved to provide this light in ever more useful 
forms. A key component of a synchrotron is the storage ring where SR is emitted in a narrow cone in 
the forward direction, at a tangent to the electron’s orbit. The higher the kinetic energy (i.e. the speed) 
of the electrons, the narrower the emission cone becomes. The spectrum of the emitted radiation also 
shifts towards shorter wavelengths as the electron energy increases. In so-called third generation light 
sources, the storage ring is designed to include special magnetic structures known as insertion 
devices (undulators and wigglers). Insertion devices generate specially shaped magnetic fields that 
drive electrons into an oscillating trajectory for linearly polarized light or sometimes a spiral trajectory 
for circularly polarized light. Each bend acts like a source radiating along the axis of the insertion 
device, hence the light is very intense and in some cases takes on a near laser-like brightness. In 
sum, synchrotron light has a number of unique properties:  

• High brightness: synchrotron light is hundreds of thousands of times more intense than light 
from conventional X-ray tubes and is naturally highly collimated. 

• Wide energy spectrum: synchrotron light is emitted with energies ranging from infrared light 
to hard X-rays. Furthermore the emitted light is tuneable. 

• Highly polarised: the synchrotron emits highly polarised radiation, which can be linear, 
circular or elliptical. 

• Time-structured emission: nano-second long light pulses enable time-resolved studies. 

Today more than 50 facilities are in operation and are used by more than 15,000 researchers. Third-
generation facilities specialise in either short-wavelength (high-energy or hard) X-rays or vacuum-
ultraviolet and long-wavelength (low-energy or soft) X-rays. The range in between (intermediate-
energy X-rays) is accessible by both.  
 

This lecture will aim to cover the fundamentals of the main analytical techniques exploiting the 
unique properties of synchrotron radiation (SR) sources. The basic principles of SR emission, as well 
as its properties, will be described. Some instrumental and methodological issues will be addressed 
and illustrated by simple examples of applications.  
 
 

 


