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Technical Note 

 

 

The ALBA Synchrotron:  

An invaluable tool for science and innovation 

ABSTRACT: 

This OPA technical note presents The Alba Synchrotron, the only synchrotron light source that exists in 

Spain and the most important scientific facility in southwestern Europe. Alba currently has eight 

beamlines for experiments in different scientific and industrial fields, providing extremely valuable 

information to improve the properties of materials and their manufacturing methods. Its cutting-edge 

techniques offer clear advantages over conventional techniques. 

RESUMEN: 

Esta nota técnica de OPA presenta el Sincrotrón Alba, la única fuente de luz sincrotrón existente en España 

y la instalación científica más importante en el suroeste de Europa. Alba cuenta con ocho líneas de luz para 

realizar experimentos en diferentes campos científicos e industriales, proporcionando información 

extremadamente valiosa para mejorar las propiedades de los materiales y sus métodos de fabricación. Sus 

técnicas de vanguardia brindan claras ventajas en comparación con las técnicas convencionales. 

 

PRESENTATION 

The ALBA Synchrotron (www.albasynchrotron.es) is the only synchrotron light source that exists in Spain 
and is the most important scientific facility in southwestern Europe. It is managed by CELLS, a public 
consortium funded in equal parts by the Spanish and Catalan governments and is a useful tool for 
competitive public and industrial research thanks to its outstanding analytical possibilities.  

ALBA started its operation in May 2012 and currently serves more than 1800 academic and industrial 
users per year. The ALBA facility consists of a complex of electron accelerators that works all around the 
clock and each laboratory provides about 5000 hours of synchrotron light, which is millions of times more 
intense than sunlight.  

ALBA currently has eight synchrotron light laboratories, called beamlines, that use the synchrotron light 
to perform experiments in different scientific and industrial fields related to physics, chemistry, life 
sciences, materials science, cultural heritage, biology, nanotechnology, etc.  

                   

Fig. 1. Aerial view of the ALBA Synchrotron Light 
Source. 

                    Fig. 2. Scheme of the Accelerators complex and the 
                   structure of a beamline 
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WHAT IS SYNCHROTRON LIGHT? 

Synchrotron light is electromagnetic radiation that comprises from hard X-rays to infrared light, 
containing also soft X-rays and UV. Synchrotron light has always existed in our universe. In outer space, 
the electrons that travel at the speed of light under electromagnetic forces emit synchrotron light. 
Humankind has been able to produce synchrotron light in particle accelerators and use it for 
experimentation. In a synchrotron, charged particles (typically electrons) travel at nearly the speed of 
light under ultra-high vacuum in a circular orbit by using magnetic fields. When the electrons pass 
through a bending magnet, a magnet with a curved shape, the electrons emit synchrotron light 
tangentially to the circular orbit. This synchrotron light is directed towards the beamlines, where the 
experiments are carried out. Synchrotron light is millions of times more intense than the light of the Sun 
and trillions of times greater than that of other conventional sources over most of the range of the 
electromagnetic spectrum which makes it ideal to visualize and analyze the properties of all types of 
materials.  

 

WHY IS SYNCHROTRON LIGHT SO BRIGHT?  

Light produced in a synchrotron light facility like ALBA is confined within a cone in the direction of 
propagation that has an angle of emission of fractions of a milliradian. In addition, the electrons that 
generate synchrotron light travel in bunches which have a cross-section of only a few tens of micrometers. 
The combination of a small source and a small angle of emission imply an extremely high brilliance. Such 
very high brilliance extends over the whole range of the electromagnetic spectrum. Moreover, 
synchrotron light is also polarized in the plane of the orbit, something exceptionally useful for the study of 
magnetic properties of materials. 

 

HOW IS SYNCHROTRON LIGHT PRODUCED AT ALBA? 

The ALBA accelerator system consists of a linear accelerator (Linac) (where electrons reach 100 MeV), a 
Booster (where electrons are accelerated to 3GeV), and a Storage Ring (where electrons are injected from 
the booster and stored to produce synchrotron light emission) (Fig. 2). The Booster (250 m of 
circumference) and the Storage Ring (269 m) are both hosted in the same tunnel. The Storage Ring has 
more than 20 exits for the synchrotron light. Thirteen of the exits are currently used (8 for operational 
beamlines, 3 for beamlines under construction and 2 for accelerator diagnostics). The rest of the exits can 
be used for future new beamlines and witness the large potentiality of ALBA for the future. 

ALBA is a 3rd generation synchrotron facility. That means that its design incorporates long straight 
sections where the electrons fly freely and are used to house multipolar magnetic structures, named 
insertion devices (ID) such as wigglers and undulators that allow the emission of light even brighter than 
the generated at the bending magnets.  

 

BEAMLINES AND TECHNIQUES AVAILABLE AT ALBA SYNCHROTRON 

Synchrotron light is extremely useful and unique for the characterization of different type of materials, 
reactions, processes, etc. It allows the characterization of a great diversity of materials at the atomic level 
and while they are subjected to various processes providing extremely valuable information to improve 
the properties of materials and their manufacturing methods. ALBA offers cutting-edge techniques that 
provide several advantages compared to conventional techniques such as higher brilliance or intensity 
(faster measurements), higher spatial resolution, lower detection limits or allowing very different sample 
environments to perform in-situ measurements. A description on the beamlines and techniques available 
at ALBA, together with some of its applications is shown in the following table (Table 1). 

 

TECHNICAL LABORATORIES AND TECHNOLOGY TRANSFER 

For the proper operation of the ALBA facility and the maintenance and upgrading of its equipment ALBA 
has at its disposal highly specialized support laboratories in the field of magnetic measurements, 
radiofrequency, electronics and optics and metrology and highly qualified personnel in these fields and in 
engineering. In this regard, one of these laboratories, the laboratory of optics and metrology is one of the 
most used for external companies due to its capacity to assembly and install optical parts in different 

http://www.sedoptica.es/
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devices, to calibrate mechanical mirror benders, the optimization of figures of error and the design of 
optical elements, as well as to characterize two-dimensional flat surfaces with high accuracy and one-
dimensional flat and curved surfaces in different work orientations with nanometer accuracy.  

 

Table 1. Description of the beamlines of ALBA 

 

Beamline 
name 

Technique Applications 
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MISTRAL Soft X-ray full-field 
transmission microscope 

Cryo-tomography of biological material with very high spatial 
resolution.  
3D images of complete cells without the need of sample slicing.  
Spatially resolved spectroscopy.  

NCD High resolution small angle 
and wide angle X-ray 
scattering/diffraction 

Analysis of the structure of biological materials (fibers, tissues and 
solutions) and chemical compounds such as polymers, emulsions, etc.  
The effect of cosmetics on the different layers of the skin 

XALOC Macromolecular 
crystallography (large unit 
cell crystals) 

Determination of the crystal structure of proteins, DNA, large 
macromolecules, complexes, etc. 
It allows working in control remote system, sending the samples to 
the beamline staff and controlling the experiment from outside the 
facility. 

XAIRA 
(operational 
in 2020) 

Microfocus beamline for 
macromolecular 
crystallography 

Small X-ray beam of the order of 1 micron (1μm) at the sample 
position. 

Determination of three-dimensional structures of macromolecules 
and complexes.  
Study of membrane proteins, protein complexes, DNA-protein 
complexes and radiation-sensitive proteins. 

MIRAS Infrared microspectroscopy  Study of human and animal tissues: hair, skin, bone, brain;  
Characterization of heterogeneous compounds: compounded plastics, 
blends, fillers, paints, rubbers, coatings, resins, and adhesives. 

Characterization of foods 
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 MSPD High resolution powder 
diffraction and high 
pressure diffraction 

Qualitative and quantitative information on the phases and crystalline 
structure of materials  

In-situ in operando study of chemical kinetics, phase transitions, etc   
Lower detection limits, higher resolution and high speed 
measurements compared to conventional X-ray sources  

Analysis of the crystalline structure of materials under extreme 
pressure (up to –50 GPa).   

CLÆSS X-ray absorption and 
emission spectroscopy for 
XANES/EXAFS 

Determination of the oxidation state of any material (crystalline or 
amorphous) 
Determination of the atomic structure of the materials: bond 
distances, coordination number, surrounding atoms, etc. 
Study of chemical reactions under conditions close to those relevant 
to industrial catalysis. 

NOTOS 
(operational 
in 2020) 

Instrumentation and 
diffraction/absorption 

Instrumentation testing and metrology 
Powder diffraction and X-ray absorption station to complement the 
offer of MSPD and CLAESS 
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CIRCE-PEEM Photoemission microscopy Nano-science and magnetic domain imaging 
Chemical imaging of the surface of materials 

CIRCE-NAPP Photoemission 
spectroscopy  

Photoemission at near ambient pressure (up to 20 mbar) to 
investigate surface chemical reactions and surfaces of liquid samples. 

BOREAS X-ray magnetic circular 
dichroism (XMCD) and 
linear dichroism(XMLD) 

Study of advanced magnetic materials: magnetism, surface magnetism 
and magnetic structures. 

Soft-X-ray magnetic scattering 

LOREA 
(operational 
in 2020) 

Angular resolved 
photoemission 
spectroscopy 

Characterization of the electronic structure of graphene-based 
materials, topological insulators and other advanced materials 
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The ALBA technical laboratories capabilities and expertise as well as the in-house developments may also 
be of interest for the industrial communities which can take advantage of them to improve their 
innovation and to open to new markets are also available to external users and private companies. More 
detailed information on the capabilities of our technical laboratories can be found on 
www.cells.es/en/technology . To see our technology offers and innovations available to be transferred for 
commercial exploitation to the industrial and scientific community check our site: 
https://www.cells.es/en/industry/technology-transfer  

 

CONCLUSIONS 

ALBA is a synchrotron light facility which incorporates the latest technologies available, in operation since 
2012. It provides the Spanish scientific and industrial community an invaluable tool for science and 
innovation and has a huge potential for further developments, which is being gradually exploited with the 
construction of new beamlines. Located in Cerdanyola del Vallès, just 20 km from the city of Barcelona, it 
has already become one of the flagship elements of Spanish science and technology landscape. The 
different techniques, laboratories and the in-house expertise of ALBA are available for the industrial and 
scientific community to enhance their research and development activities. The industrial services may 
include mail-in, pre and post experiment support, data treatment, experimental reports, advice on 
synchrotron techniques, etc.  

For more information about the different possibilities under those services, please contact our Industrial 
Liaison Office: industrialoffice@cells.es  
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