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Reminder: The beta function ȁ(s)
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Reminder: beam emittance Ů
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Reminder: synchrotron radiation

Radiation loss per turn is proportionally inverse to the fourth power of the particle rest mass
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Reminder: brilliance or special brightness

Å It measures the concentration of emitted photons in the phase space
Å It determines how good is the spatial resolution and time scale that we 
have available for the userôs experiments in a ligth source

Courtesy A. Nadji
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Reminder: radiation damping

Â Radiation damping is the reduction in emittance due to the 
emission of photons as synchrotron radiation

Â Synchrotron radiation is emitted in the direction of motion of 
electron, whose momentum is reduced but the angle remains 
the same

Â The key for betatron damping is the energy recovery by the RF 
cavities, as only the longitudinal momentum is restored
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Low emittance rings

Â There are two main types of facilities:

Â Damping rings :

Â Used in linear colliders to quickly reduce the emittance of the 
electron and positron beams at an early stage of the 
acceleration (CLIC, ILC).

Â Storage rings optimized for a fast damping time and a low 
emittance. 

Â Interested in good longitudinal compaction of beams.

Â Synchrotron light sources :

Â Very stable beams with small emittance to produce brilliant 
synchrotron light.

Â Storage ring optimized to produce synchrotron radiation for 
users (experiments).

Â Interested in long lifetime of beam: optimized beam injection.

Â The optics of future large e+/e - circular colliders is quite 
similar.
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Damping rings: CLIC (I)

Â Long chain of accelerators to prepare the beam for 
final acceleration in the main linac.
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Damping rings: CLIC (II)

Â Theoretical minimum emittance (TME) cells in the 
arcs and FODO cells with wigglers in the straight 
sections to reduce the emittance.

Â Absorbers for synchrotron radiation.
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Synchrotron light sources: new science (I)

Â In recent years, emergence of a whole new ( 4th generation) 
class of storage ring based light sources: Diffraction Limited 
Storage Rings (DLSR).

Â Breakthroughs can be expected in high-resolution imaging, 
microscopy and spectroscopy. Allows science which is not 
possible or not even thinkable, today.

Â Both the time range and the spatial length that can be 
explored are improved by orders of magnitude.

Â The aim of 4th generation light sources is to achieve X-ray 
wavelengths, close to Free Electron Lasers range of 
operation.
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Synchrotron light sources: new science (II)

Courtesy R. Hettel


