
SOLARIS synchrotron 
New Light for Polish Science



 a strategic 
project on the 

Polish Roadmap 
for Research 

Infrastructures

a multidisciplinary 
research center for 
Polish and foreign 

scientists

an 
important 
element of 

Krakow’s image 
and prestige for 

the region

the possibility of 
realizing in Krakow, 

several hundred Polish 
research programs, 
which are currently 
performed abroad

the most modern 
equipment of this type 

in the world, built on 
technology developed by 

MAX IV Laboratory at 
Lund

the culmination 
of years of effort for 
36 research centers 

gathered in the 
Polish Synchrotron 

Consortium

the first  
source of synchrotron 

light in this part  
of Europe 

the possibility 
of the development 

of companies in 
advanced technologies 

and the creation of 
new jobs

reinforcement 
of the position of 
Polish science on 
the international 

stage

a remarkable 
opportunity to 

students, doctoral 
students and 

researchers to begin 
a scientific career

built by  
the team of  less  
than forty people  

in five years 
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what is 
A SYNCHROTRON?

A synchrotron is an electron accelerator and a source of remarka-
ble synchrotron light. 

Particle accelerators are research tools which accelerate elementary 
particles with an electrical charge to speeds approaching the speed of 
light. They were first used in the 1950s, and at that time were used ex-
clusively by physicists to collide accelerated particles in order to discover 
more about their properties. The devices made at that time are still in 
service today. Currently, the largest accelerator of this type is the Large 
Hadron Collider (LHC) located at the European Organization for Nucle-
ar Research (CERN) near Geneva.  

While using the accelerators to collide particles, scientists discovered 
that at the moment that the particles change their trajectory, the emit 
a stream of photons. At first, these emissions were treated as an unde-
sirable side-effect and attempts were made to prevent them. But after 
careful research of the electromagnetic radiation which arises in such 
situations, it was found that this radiation has remarkable properties. In 
this way, synchrotron light was discovered. 

The brightness of synchrotron light is more than a billion 
times greater than the light of the Sun. This radiation encom-
passes a wide spectrum of electromagnetic waves, from 
infrared to X-rays. These waves can be filtered and directed 
into a number of beamlines for the purposes of a wide vari-
ety of analyses. In a word, synchrotron light has turned out to 
be exceptionally helpful in various types of scientific research. 
That’s why many particle accelerators currently function strict-
ly as sources of radiation to be used for research purposes. The 
SOLARIS synchrotron is such a device.  
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Synchrotrons allow us to look into the depths of matter itself, and carry out precise anal-
yses. Thanks to synchrotrons, scientists study not only the composition of a given substance, 
but also its structure – the light of the synchrotron can penetrate into the studied ma-
terial. It can reproduce hidden layers or fragments of them with any level of detail, with-
out damaging the surface layers. Synchrotron radiation also stimulates processes taking 
place in the material, and can bring about changes in the studied material.   

Synchrotrons open up completely new research possibilities. Thanks to them, we can 
carry out analyses which were previously impossible. Synchrotrons also allow us to obtain 
better results than those from studies carried out using traditional methods. The synchrotron 
is currently the most versatile research tool possessed in the natural and technical sciences, 
such as biology, chemistry, physics, materials engineering, nanotechnology, medicine, 
pharmacology, geology, or crystallography. The possibilities of the synchrotron are limited 
only by the imagination of the researcher.

A SMALL SUN ON EARTH 
A synchrotron is a source of absolutely unique synchrotron light. It can be best com-

pared to the nearest star to us, the Sun. A synchrotron is like a small Sun on Earth.
Two beamlines are attached to the storage ring of the synchrotron. We can imagine 

these beamlines as camera lenses with outstanding optical properties. These lenses allow 
us to take a snapshot of any moment of reality with amazing focus, clarity, and detail. We 
can photograph wide expanses and tiny details, iso-
lating or highlighting fragments of the images using 
a whole range of optical and digital filters.   

The amazing thing about a synchrotron is that sev-
eral dozens of "lenses", or beamlines, can be attached 
to it. What’s more, each of these beamlines can be out-
fitted with more than one research station. These 
stations can work simultaneously and independently 
of each other.  
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about the solaris 
SYNCHROTRON

The SOLARIS Synchrotron is the most modern 
and largest multidisciplinary research tool in 
Poland.  The most recent investment in Polish sci-
ence on such a scale took place in 1974, when the 
National Nuclear Research Centre in Świerk activat-
ed the nuclear research reactor „Maria”. Worldwide, 
only a handful of synchrotrons exist, and SOLARIS 
is the first in Central Europe. It outstanding capabil-
ities place it firmly at the cutting edge of devices 
of this type. 

The SOLARIS synchrotron is an electron accelerator and source of unique light which 
will allow scientists to carry out ground-breaking research. As a strategic investment for 
the development of science, it has been included in the Polish Roadmap for Research 
Infrastructures.

The National Centre for Synchrotron Radiation functions under the auspices of Jagiel-
lonian University. It is located on the Third Campus, the so-called Campus of the 600th Anni-
versary of the Jagiellonian University Revival, in the southern part of Krakow. It neighbours the 
Krakow Technology Park special economic zone. 

The Centre was built between 2010 and 2015. The 
investment was co-financed by the European Un-
ion with funds from the European Regional Develop-
ment Fund, as part of the Innovative Economy Oper-
ational Programme for 2007-2013. The total budget 
of the project was approximately 200 million PLN.  

SOLARIS SYNCHROTRON 
PARAMETERS

 length of the linear accelerator – 40 metres
 circumference of the storage ring – 96 m 
 energy of the electron beam  – 1.5 GeV
 number of integrated electromagnets – 12

Opening ceremony of  
the National Synchrotron  
Radiation Centre SOLARIS

photo: Anna Wojnar
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BEAMLINES AT THE SOLARIS SYNCHROTRON
PEEM/XAS (Photoemission Electron Microscopy/X-ray Absorption Spectroscopy) – the main 

end-station of the beamline is a photoemission electron microscope. The line has been 
optimised for photons of the low-energy X-ray spectrum. The XAS chamber will be used for 
absorption experiments providing information about internal energetic structure of mate-
rials. PEEM/XAS beamline was designed for such branches of science as the physical and 
chemical porperties of materials, nanomagnetism, biology, and geology.

UARPES (Ultra Angle-resolved Photoemis-
sion Spectroscopy) – this line delvers pho-
tons from the ultraviolet spectrum. The 
ARPES technique allows the measurement 
of three fundamental electron properties; 
energy, momentum, and spin. Therefore it 
allows scientists to give a full description of 
the electron structure of the material.  It is 
used in studies of new electronic materials, 
nanostructures, in the physics of supercon-
ductors and semicondutors, among others..

The Krakow synchrotron was created as a result of unprece-
dented collaboration between the National Synchrotron Radiation 
Centre and the MAX IV Laboratory, a research centre active at 
the University of Lund in Sweden. Swedish scientists allowed their 
Polish counterparts access to a unique and innovative synchrotron 
design. Thus SOLARIS is a replica of one of the two synchrotrons 
being built at Lund simultaneously.  During implementation of the 
project both teams worked closely together, sharing knowledge 
and experience. 

The SOLARIS synchrotron will begin operations with two beam-
lines. Ultimately however, the experimental hall of the Krakow ac-

celerator will house several dozens of these lines. In total, they will be fitted with about 
thirty experimental end-stations. Research will be carried out round the clock, seven days 
a week, simultaneously at all the stations. 

PEEM  
end-station
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– You have a research program, right? Some new kind 

of stimulus, apparently X-rays or something  like that?

– X-rays? – He raised his eyebrows. – Where did you hear that?

– I don’t remember. Someone told me. On the Prometheus maybe. 

Why? Is it already under way?

Stanisław Lem „Solaris”

The SOLARIS synchrotron is an enormous opportunity not only for Polish science, 
but also for the economy.  The majority of funds for construction obtained thanks to EU 
co-financing was spent within the country. The National Synchrotron Radiation Centre 
employs several dozens of engineers, scientists, and specialists. In future, when next 
end-stations appear in the experimental hall, new vacancies will be created. Innovative 
research using synchrotron radiation will be carried out not only by academic centres, 
but also Polish business enterprises. This will allow them to develop innovative and com-
petitive products. In this same way, foreign-owned businesses will also be able to use 
the facility. Therefore, the Krakow synchrotron will also become an attractive lure for 
much-needed foreign investment.

Expenditure of the SOLARIS project, per countries (in percent) 

Poland Sweden Italy Germany Denmark Slovenia France Great 
Britain Austria Russia USA China

62,79%

8,26% 7,94% 7,40% 5,61% 4,27%
1,00% 0,93% 0,81% 0,71% 0,16% 0,11%
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THE BEAMLINES 
The beamlines are attached to the storage ring of the synchrotron in the 

places where the synchrotron light appears, in other words where the electro-
magnets bend the trajectory of the electron beam. The lines and their end-stations 

modify the synchrotron light so 
that they best serve the needs 
of the research which is being 
carried out. These can studies 
in many, sometimes barely 
related, areas of science such 
as physics, archaeology, med-
icine, or geology.

THE ELECTRON GUN   
The electron gun generates the electron beam. 
The beam is created by a heated cathode located 
in a vacuum. Heating causes the electrons to gain 
energy, which allows them to „evaporate” into the 
linear accelerator.  

how the SOLARIS  
synchrotron works?

1

4



THE LINEAR ACCELERATOR
The linear accelerator, or the LINAC, accel-

erates the electron beam. It is made up of six 
accelerating structures, magnets which focus and 

correct the trajectories of the beams and their diagnos-
tic elements. In the SOLARIS synchrotron, the electrons 
reach a preliminary energy at the end of the accelerator 
of 550 MeV.  So that the electrons don’t meet any ob-
stacles on their path, the accelerator works in a nearly 
perfect vacuum. 

2

The storage ring is the heart 
of the synchrotron, consisting of 

12 electromagnets. At one time ap-
proximately a billion electrons are injected into 

the ring. They are accelerated to the SOLARIS synchrotron’s 
default energy of 1.5 GeV. Simultaneously, the electro-

magnets bend the trajectory of the beams, so that they 
flow around the ring. Each time the trajectory of the 

beam is bent, a stream of photons, or synchro-
tron light, appears.  

3 THE STORAGE  
RING 
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research at 
THE SOLARIS SYNCHROTRON

Thanks to the unique properties of synchrotron light, scientists will be able to carry 
out ground-breaking research. In synchrotrons, various, sometimes only distantly 
related, branches of science come together, including physics, chemistry, medicine, 
biology, materials engineering, nanotechnology, biotechnology, crystallography, ma-
terials research, environmental research, geophysics, archaeology, and art history. 
Each of these disciplines may use different research methods. Synchrotron radiation 
is suitable for:
 Diffractive methods, used for the dispersion of electromagnetic radiation
 Spectroscopic methods, involving the creation and interpretation of light spectrums 

arising from the action of radiation on the material studied 
 Methods based on the polarisation of electromagnetic radiation
 Microscopy and imaging (representation and recreation) using X-rays.

Synchrotron light covers a wide spectrum 
of electromagnetic waves, from infrared to 
X-rays. It allows scientists to obtain a 3D, ex-
ceptionally precise image of objects by using 
synchrotron tomography. Additionally, radi-
ation of this type can be used for the elec-
tron and magnetic analysis of the structure of 
materials, and for the study of particle inter-
actions. The synchrotron can help unravel the 
mysteries of very complicated systems, such 
as proteins or viruses.



However, using synchrotron radiation scientists can not only study, but also create 
(using lithographic techniques) micro- and nano-electronic elements. This opens up new 
doors for progress when it comes to processors, memory, and integrated circuits. New tech-
nologies are also arising which can be used for the production of mass memory. Much of 
the research conducted at SOLARIs will be applicable in industry, such as research on med-
icines, crystals, powders, fibres, metals and their alloys, semiconductors and ceramic mate-
rials, analysis of wear patterns, corrosion, or adhesion, and studies f the stability of solutions, 
emulsions, and colloidal solutions.

Synchrotron radiation
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An overview of the uses of synchrotron radiation at various frequencies in the electromagnetic spectrum  
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National Synchrotron Radiation Centre SOLARIS
ul. Czerwone Maki 98, 30-392 Kraków, phone: +48 12 664 40 00, email: synchrotron@uj.edu.pl

www.synchrotron.pl, www.facebook.com/synchrotron.solaris

The project co-financed by the European Union from the European Regional Development Fund  
and the state budget within the frame of the Innovative Economy Operational Programme.


