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Coherence at short wavelengths 
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Chapter 8 
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Synchrotron radiation from relativistic electrons 
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Undulator radiation from a small electron beam radiating 
into a narrow forward cone, is very bright 
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Undulator radiation 
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Determining the power radiated: the equation of motion of 
an electron in an undulator 
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Calculating power in the central radiation cone: using the well known 
“dipole radiation” formula by transforming to the frame of reference 
moving with the electrons 
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Undulator radiated power in the central cone 
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Time structure of synchrotron radiation 
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Coherence at short wavelengths 
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Chapter 8 
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Young’s double slit experiment: spatial coherence and the 
persistence of fringes 
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Spatial and spectral filtering to produce coherent radiation 
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Coherence, partial coherence and incoherence 
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Spatial and temporal coherence 
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Spectral bandwidth and longitudinal coherence length 
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A practical interpretation of spatial coherence 
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Partially coherent radiation approaches uncertainty 
principle limits 
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Spatially coherent x-rays:  
spatially filtered undulator radiation 
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� = 11.2 nm � = 13.4 nm 

1 �mD pinhole 

25 mm wide CCD 
at 410 mm 

Courtesy of Patrick Naulleau, LBNL. 
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Spatially filtered undulator radiation 
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Spatial and spectral filtering of undulator radiation 
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Coherent power at Elettra 
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Undulators, FELs and coherence 

•� Spatial coherence 

•� Temporal coherence 

•� Partial coherence 

•� Full coherence 

•� Spatial filtering 

•� Uncorrelated emitters 

•� Correlated emitters 

•� True phase coherence and mode control 

•� Lasers, amplified spontaneous emission (ASE) and 

mode control 

•� Undulator radiation 

•� SASE FEL fsec and asec x-rays 

•� Seeded FEL true phase coherent x-rays 
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Young’s double slit experiment: spatial coherence and the 
persistence of fringes 
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Young’s double slit experiment: spatial coherence and the 
persistence of fringes 
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Young’s double slit experiment with random emitters: 
Young did not have a laser 
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Young’s double slit experiment with phase coherent 
emitters (some lasers, or properly seeded FELs) 
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How do these concepts apply to undulators and FELs? 
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Undulators and FELs 
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Seeded FEL 
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FEL Microbunching 
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Courtesy of Sven Reiche, UCLA, now SLS 
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Gain and saturation in an FEL 
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FLASH EUV/soft x-ray FEL at DESY Lab, Hamburg 
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Courtesy of Henry Chapman (LLNL, now Hamburg) and Stefano Marchesini (LLNL, now LBL).�

6.5-32 nm wavelength in 1st harmonic 

20 fsec, 1012 photons per pulse 



Coherent x-ray diffractive imaging with the FLASH  
free-electron laser (FEL) in Hamburg, Germany 
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Chapman et al, Nature Phys 2 839 (2006)�

25 fs diffraction pattern 

1 micron 
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The Linear Coherent Light Source (LCLS),  
an x-ray FEL at Stanford 
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Free Electron Lasers 
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References 
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Lectures online a www.youtube.com 
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UC Berkeley 

www.coe.berkeley.edu/AST/sxreuv 

www.coe.berkeley.edu/AST/srms 


