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First steps 



Röntgen first experiments 

• Photographic plates and film 
are”susceptible to x-rays”, providing 
avaluable means of recording the 
effects...” 

•  “... The refractive index.... cannot be 
more than 1.05 at most.... X-rays 
cannotbe concentrated by lenses…” 

• “... Detection of interference 
phenomena has been tried without 
success,  perhaps only because of their 
feeble intensity...” 

after W.C. Röntgen 

Über eine neue art von Strahlen. 

Phys.-Med. Ges., Würzburg, 137, p. 41, (1895) 

English translation in Nature 53, p. 274 



Kirkpatric & Baez microscope 

 Kirkpatrick P and Baez A V 1948  

Journal of the Optical Society of America V 38 pp.766–774  



X-ray optics milestones 

• 1896  X-ray absorption (Röntgen – filters) 

• 1912  Bragg diffraction (Laue - monochromators) 

• 1913  Radiography (Goby – imaging) 

• 1922  Specular reflection (Compton - mirrors)  

• 1948  X-ray curved mirrors (Kirkpatrick and Baez) 

• 1960  X-ray Fresnel zone plates (Baez) 

• 1972  X-ray mulilayers (Spiller, Barbee, Underwood) 

• 1987   Bragg-Fresnel optics (Aristov) 

• 1994  Capillaries (Bilderback) 

• 1996  Compound Refractive Lenses (Suehiro, Snigirev) 



X-ray microscopy: 

Bridging the gap between electron and light 

microscopy 



Scanning or full-field? 

Hard x-rays or soft? 





Moore’s law for x-ray optics 



Radiation degradation 



Radiation degradation 



Electrons vs. soft X-rays 



Hard X-ray: Choosing optimal wavelength 

В.Е.Асадчиков, А.В.Бузмаков, Д.А.Золотов и др. Кристаллография, 2010, 

том 55, № 1, с. 167–176 



Imaging phase 



Phase sensitive imaging 

By the courtesy P.Cloetens, HERCULES lectures, ESRF 



Zernike phase contrast 

From Kirz, Jacobsen, and Howells, Q. Rev. Biophys. 28, 33-130 (1995) 







Talbot interferometer 









Schizosaccharomyces pombe 

• Newborn cell 

• Adult cell 

• Dividing cell (early) 

• Dividing cell (late) 

 

W. Gu, L. D. Etkin, M. A. Le 

Gros, 

and C. A. Larabell. (2007) 

Differentiation. 75:529-535 



Ptychographic X-ray computed tomography 

at the nanoscale 

Dierolf M, Menzel A, Thibault P,et al. Nature, Vol 467, 2010, pp 436-440. 



Ptychographic X-ray computed tomography 
Spatial resolution - 150 nm  

Dose:~2MGy  

 (2*1011 Photons total) 

Dierolf M, Menzel A, Thibault P,et al. Nature, Vol 467, 2010, pp 436-440. 



A nanoscale object can be imaged 

by a single femtosecond FEL pulse 

before the sample explodes 

A coherent 

diffraction pattern 

recorded from a 

single 25 fs pulse 

Diffraction pattern 

from a subsequent 

pulse showing that the 

sample was destroyed 

after recording the 

image 

A single shot image 



X-ray fluorescence microtomography 

X. Liu, P. Bruyndonckx, and A. Sasov, Proc. SPIE 7804, 78041A-1 (2010). 



Thank you for your attention! 



Scanning or full-field? 

Hard x-rays or soft? 


