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Abstract

The jitter of the beam arrival time can significantly impact the synchronization between the seed laser and the electron beam, which will constrain the
brightness and stability of the FEL. It is one of the important parameters for beam diagnostics. To align with the SHINE's (Shanghai HIgh repetition rate XFEL
aNd Extreme light facility) requirements of a 1IMHz repetition rate and a dynamic range from 10pC to 300pC, we developed a beam arrival time measurement
system utilizing a cavity probe. This system is capable of achieving a specification of 20fs at a charge of 100pC. Our approach included designing measurement
schemes based on intermediate and radio frequencies, and establishing a comparative test platform at the SXFEL (Shanghai Soft X-ray Free-Electron Laser
Facility). This article will detail the construction of two systems and compare their test results across various charges. It has also been confirmed that the system
can accurately measure beam arrival times for charges less than 1pC.

System structure of bunch arrival time measurement system
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Experimental algorithms and tests
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Experimental measurement results
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Conclusion

» Successful construction of beam experimental test setup for SHINE CBAM probe at SXFEL.

»Comparison of IF down-conversion scheme and RF direct-sampling scheme tested in the CBAM system.

»Discrete Fourier Transform (DFT) and Data Window algorithms are used to obtain the best performance of CBAM amplitude and phase.

» Evaluating the performance of two sets of electronics at different charges (0.8pC-80pC).

» Amplitude performance: RF direct-sampling electronics are slightly better than IF down-conversion electronics, mainly due to the simple analogue front-
end which has a better noise figure.

»Phase performance: The two sets of electronic properties are similar for charges greater than 8pcC.
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