
This is a typical x-ray beamline.  

Optics hutch contains elements for conditioning the x-ray beam. 

Beamline organization 

Storage ring 

Cylindrical 

mirror 



How does a beamline work? 



X-ray monochromator using perfect crystal 

Basic principle of monochromator: 
Bragg reflection from perfect single crystal 

Select photon energy range by using: 

- specific crystal, lattice plane 

- Bragg angle range 

Crystal: silicon, diamond,... 

2dhklsinθ = nλ 

d: Lattice (d)-spacing, 

θ: glancing angle, 

λ: X-ray wavelength 



Energy range of standard monochromator 

Photon energy (wavelength) can be selected 

by crystal, net planes, and Bragg angle. 

Bragg Reflection 
 Si 111 

 Si 311 

 Si 511 

 ….. 

 

Bragg angles 
 3~27° 

 

Energy range 
 4.4~110 keV 

Example: SPring-8 standard monochromator 



Double crystal monochromator 

Problems with single crystal monochromators 

• the monochromatic beam moves when the energy 

is changed 

• high harmonic content 

• big tails 

Solution: double crystal design! 

Simplest design: cutting a channel 

for the beam in a silicon block 

(channel cut monochromator) 

• Use the same crystals and d-spacing 
for 1st and 2nd crystals 

• Keep parallel setting 



refractive index: n = 1 – r0 ρ λ2/ 2π – i µλ / 4 π  
where r0 is classical e-radius (2.82e-13cm) 
ρ is electron density 
µ is linear absorption coefficient 

X-ray Mirrors 

reflectivity at grazing angles: 

By Snell’s law (n1 cos(θ1) = n2 cos(θ2) with θ the grazing angle) 

in the  absence of absorption (total reflection), we find total 

external reflection for angles less than θc ≈ λ(r0 ρ / π)½ 

 

θc typically a few mrad for x-ray mirrors 

 
Surface roughness must be considered around critical energy (angle). 



Bent mirrors (focusing and collimating) 

Focusing of the x-ray beam  reflecting surface must have some curvature 

(achieved e.g. by bending mirror, mirror focuses in one plane only!) 
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Bending radius R (can be ~ 10 km) 

imaging the source in the vertical 

direction with unity magnefication 

(1:1 focusing) 

improving energy resolution of a 

following monochromator by 

production of a parallel beam 

(collimating) 



Free electron laser (FEL) 

Hamburg, 2005 

Hamburg, ~2015 



SASE – spontaneous amplified self-
emission 



Linac-based Free Electron Laser  

Self-Amplified Spontaneous Emission (SASE) 

(pulsed) (linear accelerator) 

Principle design (SPring-8, Japan): 



Pump-probe experiment 

Snapshots for different times after excitation 
(“pump-probe experiment”)  “film” of the reaction 



Obstacle: Coulomb-Explosion 

Example: 
Lysozyme 

white: Hydrogen, 
grey: Carbon, 
blue: Nitrogen, 
red: Oxygen, 
yellow: Sulfur 

R. Neutze et al., Nature, August 2000 

Requirement:   Pulse must be short enough and not to intense,  
 to take picture before molecule disintegrates ! 



pressure 

monolayer 

time constant  

molecular 

density 

mean free 

path 

p [mbar] t (s) n [m-3] l [m] 

1,00E+03 3E-09 2E+25 8E-09 

1,00E+00 3E-06 2E+22 8E-06 

1,00E-03 3E-03 2E+19 8E-03 

1,00E-06 3E+00 2E+16 8E+00 

1,00E-09 3E+03 2E+13 8E+03 

1,00E-12 3E+06 2E+10 8E+06 

1,00E-15 3E+09 2E+07 8E+09 

Properties of vacuum 



Pressure regimes 

1E-24 1E-21 1E-18 1E-15 1E-12 1E-9 1E-6 1E-3 1 1000

 

P [mbar]



Mean free path of electrons 



Turbomolecular pump 



Ion pump 



CF-flange 



Ionization gauge 



Electromagnetic wave in mater 



Drude-Lorentz-model 



Examples for Lorentz oscillators 


