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Spectrum of electromagnetic radiation



Special Characteristics of SR
• High brightness and high intensity, many orders of magnitude more than with 

x-rays produced in conventional x-ray tubes 
• High brilliance, exceeding other natural and artificial light sources by many 

orders of magnitude: 3rd generation sources typically have a brilliance larger 
than 1018 photons / s / mm2 / mrad2 / 0.1%BW, where 0.1%BW denotes a 
bandwidth 10 − 3w centered around the frequency w. 

• High collimation, i.e. small angular divergence of the beam 
• Low emittance, i.e. the product of source cross section and solid angle of 

emission is small 
• Widely tunable in energy/wavelength by monochromatization (sub eV to tens 

of keV) 
• High level of polarization (linear or elliptical) 
• Pulsed light emission (pulse durations at or below one nanosecond, or a 

billionth of a second);



Synchrotron radiation



Synchrotron radiation



Bremsstrahlung: the basic principle

• electromagnetic radiation produced by the 
acceleration of a charged particle, such as 
an electron, when deflected 

• here deflection is achieved by bending 
magnets

• Bremsstrahlung has a continuous spectrum



Why relativistic electrons

Beta =c/v: only then directed dipole radiation 
otherwise omnidirctional and thus weak
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At which energy do we see light?



Why are synchrotrons so large?

• At high energies (relativistic electrons)
• High B fields for deflection are needed:
• 5 GeV: 1T: 50 m radius (100 GeV 300 m)



Energy distribution of SR

Second generation light sources: note the large range of useable energies!

Generations:
2: synchrotron bending
3: synchrotron ID
4: FEL



Energy today and tomorrow



Synchrotron radiation



Synchrotron radiation



Undulator



Synchrotron radiation: vaccum



Synchrotron radiation



The Free-electron laser



Spectral Distribution

A close co-operation of experiment and light source is needed to exploit a useful
range of energies with the FEL instruments in the X-ray range



Experiments can be more readily extrapolated by the LASER 
community than by the synchrotron radiation community

The BESSY Soft X-Ray FEL
Peak Power and Brilliance
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VUV-FEL: Status of beamline installations



Funktion eines FEL

Electron Beam

BESSY TDR



SELF AMPLIFIED 
SPONTANEOUS EMISSION „SASE“

Kondratenko, Saldin 1980

P ~ Ne
2



Laser Seeded FEL

Longitudinal Longitudinal coherencecoherence
UltraUltra--fast fast pulsespulses < 20 < 20 fsfs
ReproducibleReproducible pulse pulse shapeshape
Non „Non „chaoticchaotic“ light“ light
IntrinsicIntrinsic synchronizationsynchronization
AttosecondAttosecond HHG HHG optionoption

λλii

Modulator Buncher Radiator

λλii//hh

High Gain Harmonic Generation (HGHG)

L.H. Yu, et. al. BNLL.H. Yu, et. al. BNL

FEL Prize 2003FEL Prize 2003

λu λu / h(Dispersion)

Ext. Laser



Energy selection

• The broad energy range of SR is usually 
unsuitable for experiments

• Energy selection by monochromatization by 
dispersive or grating systems (local discontinuitiy
on optical properties with well-defined 
geometries)

• No suitable materials for dispersive elements with 
positive refractive index for high energies:
– Gratings
– Lattice planes of (Si)



Energy selection

• The broad energy range of SR is usually 
unsuitable for experiments

• Energy selection by monochromatization by 
dispersive or grating systems (local discontinuitiy
on optical properties with well-defined 
geometries)

• No suitable materials for dispersive elements with 
positive refractive index for high energies:
– Gratings
– Lattice planes of (Si)



Energy-dependence of 
refractive index



Single Slit Diffraction

Princip of Huygens

Minimum: g= kl k=1,2,3,...<a/l

sinak= g/a ; tanak =dk/l



From single slit to grating: Diffraction
pattern



Crystal monochromator

Strongly exaggerated bending of a (Si) single crystal with subµ precision
Carving: energy selection by mechanical bending of the crystal
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A practical double monochromator



X-ray mirrors guiding SR light



Materials for mirrors

Despite its poor reflectivity, Si is 
widely used for wide-energy 
applications



Synchrotron radiation: uses

• High-energy: X-rays for scattering 
techniques
– X-ray, EXAFS (see following lecture)

• Low-energy: VUV or soft X-rays
– Spectroscopy
– Energy-dependent photoemission
– X-ray absorption spectroscopy (like NEXAFS 

in high-energy range)


