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Synchronous phase measurement and study at the
Taiwan Photon Source
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A bunch-by-bunch synchrotron phase and beam phase detector system has been implemented to investigate
the synchronous phase behavior of the storage ring and booster ring at the Taiwan Photon Source. These
detectors employ I/Q demodulation to compute the beam phase and deliver data at a bunch-by-bunch, turn-
by-turn, and 3 Hz frequency. The collected data is seamlessly integrated into the accelerator’s control system,
displayed in the graphical user interface, and is available for further analysis. Independent component analysis
and numerical analysis of fundamental frequencies are utilized to examine the sources within the storage ring
and assess the synchrotron frequency and phase variation during the energy ramping of the booster ring.
The results indicate that the phase difference between the head and tail bunch, as well as the average phase
drift across all bunches, are approximately proportional to the total beam current, both hovering around 1.4
degrees. This phenomenon is attributed to the high-quality value of the superconducting radio frequency (RF)
cavity in the storage ring. A 7 kHz in-phase synchrotron phase variation is observed, originating from the
switching frequency of the transmitter in the RF system. Additionally, a 40-degree phase drift is noted during
the booster’s ramping process, primarily arising from the mismatch between the booster currents and the RF
gap voltages.
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