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The capabilities of 4th generation synchrotron radiation sources and X-ray free electron lasers such as high brightness, coherence and 

temporal structure of pulses open new horizons in the studies of structure, structural dynamics and properties of materials. 

X-ray radiation coherent methods enable to get access to the 3D structure of non-crystalline samples, nanocrystals and nanostructures 

with a resolution theoretically limited only by the diffraction limit [1]. Such samples include, for example, various biological objects 

[2], biological cells, viruses and nanosized crystallites of bio macromolecules and their complexes which are difficult to crystallize. 

Access to an atomic structure with ultra-high temporal resolution using ultrashort pulses of free electron lasers makes it possible to 

consider the different tasks of studying chemical reactions, self-organization and destruction of materials mechanisms, the formation 

of short-range and long-range orders, the study of phase transitions, and the complex dynamics of proteins and polymers at a 

fundamentally new level. 

Novel scientific tasks cover a wide range of practical applications [3], including such priority areas as biotechnology and medicine, 

the creation of new functional materials (structural, composite, etc.), nanoelectronics and hybrid (sensors, biosensors, etc.). 

Today most of the new synchrotron radiation sources have almost 100% transverse coherence, and the modernization of existing 

mega-facilities (for example, ESRF-EBS, PETRA IV, APS) focus on reducing the emittance (significantly less than 1 nm), increasing 

coherence, brightness and time resolution. 

In the Russian Federation the development of coherent scattering and time resolving methods is becoming one of the priority tasks in 

connection with the implementation of the program for the development of the synchrotron-neutron infrastructure, including the 

construction of 4th generation sources: USSR-4 (synchrotron with a free electron laser) and SKIF project. 
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