


Synchronisation and RF
Gamma Factory meeting on the Proof of Principle

LAL, Paris, 3-5 June 2019

Y. Dutheil, B. Goddard, F. Velotti

04/06/2019 GF-LAL, SPS aspects 2



Laser-bunch synchronisation

• Laser frequency must be at an harmonic of the revolution frequency and 

of the bunch pattern

• The SPS RF system is at ~200MHz, or 𝑓𝑅𝐹 = ℎ × 𝑓𝑟𝑒𝑣 with h=4620 and frev~23kHz

• With the SPS filling patterns, the laser at ~40Mhz can interact with every bunch

𝑓𝑙𝑎𝑠𝑒𝑟 =
ℎ

5
× 𝑓𝑟𝑒𝑣 = 924 × 𝑓𝑟𝑒𝑣

• Finding the resonance involves changing the beam energy, which may 

change the revolution frequency

• The initial synchronization between the laser and the RF system needs to 

be considered
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Revolution frequency with energy changes

• 3 ways to change the ion bunch energy, with different effects

• Constant frequency

• Constant optics

• Constant field

• In accelerator physics we routinely use deferential relations to quickly 

understand and quantify changes of revolution frequency frev, average 

beam radius R, momentum p and dipole field B.
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Case of Constant Frequency
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Case of constant optics
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Constant field case
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Summary

• Primary frequency tuning system of the laser uses piezo-electric crystals 

and conventionally give a tuning range in the order of nanometers.

• Constant optics and constant field cases require much larger tuning ranges

• Fixed frequency, by definition, does not need the laser to change frequency but 

changes the position of the beam at the IR due to non-zero dispersion. However that 

can be compensated as we foresee the integration of BPMs inside the laser cavity

• Synchronisation of the SPS RF and bunches with the laser system

• An initial scan will be required as such system cannot be absolute

• A system very similar to the one used by AWAKE (fixed frequency) could be used

see details https://indico.cern.ch/event/802131/contributions/3346480/
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Thank you


