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MOTIVATION

• Emitted at large angles from the beam 
direction. Differentiates it from 
channeling, bremsstrahlung

• X-ray energy is independent of beam 
energy

• Tunable by changing crystal 
orientation

• Narrow line width. Typically ~ 1%
• Lower background from other 

sources, especially at large angles.
• Can be produced while channeling
• Multiple X-ray energies at once. 
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ABSTRACT
We discuss the generation of parametric X-rays (PXR) in the photoinjector 
at the new FAST facility at Fermilab. Detailed calculations of the intensity
spectrum, energy and angular widths and spectral brilliance with a 
diamond crystal are presented. We also report on expected results with 
PXR generated while the beam is channeling. A new goniometer with 
several ports could allow the simultaneous detection of PXR at multiple 
energies. 

• PXR energy depends on the 
lattice spacing, Bragg angle 
and angle of detection. 

• Photon intensity depends on 
path length in crystal, angle 
between lattice plane and 
normal to surface

• Also on the susceptibility, 
crystal structure factor. Only 
some planes allowed

• Angular spectrum is 
broadened by multiple 
scattering, angular resolution

• Smaller linewidth increases brilliance, important for applications
• Geometric effects and multiple scattering are largest effects
• Main geometric effects from beam size and the detector width. 
• Multiple scattering effects are found analytically. 
• Theory agrees well with previous experimental results
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APPLICATIONS
• Low emittance beam would give higher brilliance PXR
• Phase contrast imaging with better resolution
• Sub-ps X-ray pulses with a slit mask in chicane 

• PXRC is PXR emitted by channeled 
electrons and making intra-band 
transitions

• PXRC along (2,0,-2) plane, channeling 
along (1,1,0) plane without crystal 
rotations

• Yield  decreases with beam divergence, 
but spectral brilliance increasesY: 10-4 phot/(e- - sr)

S.B: phot/(mm-mrad)20.1%BW

• Same goniometer as used for 
channeling. 90o port determines 
Bragg angle= 45o

• Photon absorption in 1m of air 
included. 

• Brilliance averaged over emittance 
growth. 

• Yield saturates at crystal thickness 
LC=1.2 La; brilliance at LC = 0.25 La

• X-ray energies from 3 – 18 keV
• Yield, brilliance highest at ports 4, 5
• Plane (1,1,1) has highest brilliance
• Larger thickness increases brilliance for 

higher energy X-rays


