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• Streak cameras cannot simultaneously achieve high time 
resolution and large dynamic range in beam length 
measurement[1].

• Traditional dual-frequency systems have narrow 
measurement bandwidths and can only provide average 
bunch length measurements for multiple bunches over 
multiple turns.

• V(f) is the frequency-domain distribution of the 
detected signal.

• I(f) is the frequency-domain distribution of the beam 
signal (Gaussian distribution).

• R_Button (f) is the frequency-domain transfer 
impedance to be calibrated

• By measuring V(f), I(f) can be obtained, and then the 
bunch length can be obtained

• The four-electrode signals from the BPM probes are 
acquired using a high-sampling-rate and high-bandwidth 
digital oscilloscope. These signals are then imported 
into Python scripts for further analysis. 

• Adding a new bunch length calculation module to the 
existing HOTCAP bunch-by-bunch measurement 
system

(a) In the single-bunch experiment at the HLS, in 
conjunction with a streak camera, the distribution of 
the bunch length with respect to the beam charge was 
measured. The results obtained through the time-
frequency joint analysis method showed excellent 
agreement with the streak camera results. 

(b) Under different charges, the beam length exhibits 
noticeable oscillations when the charge exceeds a 
certain threshold.
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• (a) Uncertainty assessment of the beam length 
measurements for different charge values in the single-
bunch mode at the HLS. 

• (b) In the multi-bunch operation mode at the SSRF, 
with different charges for each bunch, the total charge 
for all bunches are calculated, and the beam length 
uncertainty is assessed for each individual bunch.

• In both experiments, it is observed that the bunch 
length measurement uncertainty is approximately 
inversely proportional to the bunch charges.

Uncertainty Evaluation
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• The existing parameters of wideband, high-speed 
oscilloscope technology have met the requirements for 
bunch-by-bunch and turn-by-turn bunch length 
measurements.

• The phase measurement uncertainty is more than 0.2 ps, 
the bunch length measurement uncertainty is more than 1 
ps, and the dynamic range exceeds 10 ms.

• This technique can be integrated as an additional module 
in the existing 3D bunch position measurement system, 
HOTCAP[2], thereby forming a comprehensive multi-
parameter bunch-by-bunch measurement system that 
includes the position, bunch length, and charge.
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