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Abstract

To achieve high-precision bunch current measurement at SPring-8-1I, we developed a system consisting of the
MTCA .4-based high-speed digitizer ADQ7, which can perform high-speed waveform sampling with external clock input,
and a high-speed waveform sampling clock generator. The ADQ7 can measure waveforms at 10 GS/s. We intentionally
shifted the sampling clock from the integer multiple of the RF reference signal frequency, and achieved a staggered
sampling scheme where the sampling time was shifted by 1/5 of the RF period for each subsequent revolution, allowing
for equivalent oversampling of 80 points per bunch, approximately 40 GS/s. Furthermore, by acquiring and averaging
100 turns, we aimed to improve the S/N ratio and achieve high-precision measurement. The results of our measurement
demonstrated a bunch current resolution of 0.5 % and a bunch time resolution of 0.6 ps. The system developed this time
is stably operating in parallel with the conventional bunch current measurement system at SPring-8 as a backup. It has
also been introduced as a bunch current measurement system at NanoTerasu.
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Figure 2: Schematic diagram of the bunch current mea-
surement system.
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Figure 3: Waveform data measured at NanoTerasu with a
sampling rate of 40 GS/s.

Bunch Current Trend Plot
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Figure 4: Bunch current vs. time. The red lines indicate
linear fits to the data.
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Figure 5: Residual distribution of bunch current.
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Bunch Time Trend Plot
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(a) Tektronix DPO70404 (25 GS/s ADC 8bit)
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Bunch Time Trend Plot
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(b) Teledyne ADQ7 (equivalent-time sampling)

Figure 6: Bunch time vs. time distributions measured with oscilloscope (Tektronix DPO70404) and Teledyne ADQ7

(equivalent-time sampling).
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