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Precise measurement and application of synchrotron tune at storage ring
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Abstract  [Background] The precise measurement of the synchrotron tune is of great significance for the study of
beam longitudinal dynamics and the improvement of beam stability. In 2020, a bunch-by-bunch 3D position
diagnosis system to measure the transverse position and longitudinal phase was built at Shanghai Synchrotron
Radiation Facility (SSRF), it can also be used to monitor synchrotron tunes in real time. Compared with the
traditional measurement method, the advantage of this method is that it does not need to modulate the RF cavity
pressure. [Purpose] This study aims to achieve high-precision measurement of synchrotron tune in the normal
operating mode without disturbing the user's experiments. [Methods] The phase oscillation of the refilled charge
during the injection transient was extracted to effectively remove the interference of the RF system and the crosstalk
between bunches. Correlation coefficient was used to obtain the bunch phase refilled with charge. Then, multiple
longitudinal parameters, including the synchrotron tune, were fitted by mathematical model. [Results] The
measurement results show that the synchrotron tune of SSRF is 0.007 3, and the fitting accuracy is 95%. The
momentum compaction factor of storage ring directly calculated by the formula is 4x10™. [Conclusions] The bunch-
by-bunch 3D position diagnosis system and refilled charge extraction algorithm provide a favorable tool for realizing

high-precision measurement of synchrotron tune.
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