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Ångström Laser @ FREIA
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Aiming for a compact X-ray coherent source



Ångström Laser @ FREIA
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Velocity bunching

Longitudinal phase space in rf field

Rotation

Both compression and acceleration take place within the same accelerator sectionPRO:

Zero-crossing phase

S. G. Anderson et al., Phys. Rev. ST Accel. Beams 8, 014401 (2005)

Zero-crossing injection
+ Chirped and accelerated

RF field

Phase of  the wave seen by the electron

where and

The Hamiltonian is



Half-wavelength bunching
Decelerating field

Accelerating field

Rotation

1-D Longitudinal phase space portrait
Along the cavity

Normalized with respect
to the cavity wavelength

All happens in 
half of  the cavity
wavelength



Half-wavelength bunching: 
1-cell simulations
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Half-wavelength bunching: 
9-cell simulations



Half-wavelength bunching: 
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Half-wavelength bunching: 
9-cell simulations
We study the dependence of  bunch arrival time on gaussian jitter of  parameters

Standard deviation for the noise

The time jitter can be reduced
down to 16 fs if the accelerator
stability is pushed to the state-
of-the-art regime

~160 fs



Conclusions & Perspectives

 We showed an interesting regime of  non-adiabatic temporal compression

 The discovered mechanism of  compression, which is another mode of  velocity bunching, 
opens the door for obtaining very high electron densities in the phase space

 A 3-ps 16-pC 1-MeV electron bunch is compressed to 21 fs rms and accelerated to 12 MeV 
in a TESLA superconducting cavity

 We discussed the performance and stability of  a 9-cell cavity

 Experimental proof-of-principle

 Employ this mechanism for UED and ICS



Thank you for your attention!



Back-up slides



Inverse Compton Scattering

𝛾𝛾2

𝜔𝜔 =
𝜔𝜔on−axis
1 + 𝛾𝛾2𝜃𝜃2



Gun + Booster



Half-wavelength bunching: 
9-cell simulations



Simulations
Code used: ASTRA
Charge: 16 pC
Number of particles: 
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