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2023 Experiment Configurations
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Downconverter 

BPM-A 2015 MHz - 1935 MHz = 80 MHz 
BPM-B 2050 MHz - 1970 MHz = 80 MHz 
BPM-C 2020 MHz - 1940 MHz = 80 MHz 

Net gain: ~25 dB

Δ-ports of hybrids are usedhybrid hybrid hybrid

Splitter

Splitter

Splitter

Beam tunnel wall

3-channel unlocked 
local oscillator 

1935 MHz for BPM-A 
1970 MHz for BPM-B 
1940 MHz for BPM-C

Oscilloscope 
R&S RTM3004 
2.5 GS/s, 10 bit

Oscilloscope 
R&S RTM3004 
2.5 GS/s, 10 bit

Readout PC

Ethernet

EPICS 
database

Ethernet

Trigger signal
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Data Files
• Data files are written as Python pickle files in a format of Pandas dataframe 
‣ With Pandas in Python, they can be easily readable 

• calibration_horizontal_2023.pickle: Horizontal calibration data 
‣ 7 horizontal beam positions, 50 measurements at each position 

• calibration_vertical_2023.pickle: Vertical calibration data 
‣ 7 vertical beam positions, 50 measurements at each position 

• resolution_2023.pickle: Resolution run data 
‣ 1200 measurements at a beam position
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Data Structure
• Columns: 
‣ measure_no: Measurement number as an index 
‣ time: List of time in a measurement [unit: s] 
‣ bpm_ax: Voltage measured at BPM-A(X) (list of voltage values over time) [unit: V] 

- bpm_ay, bpm_bx, bpm_by, bpm_cx, bpm_cy are other BPMs and axes, accordingly 
‣ beam_charge: Beam charge normalized by 1.6 nC (=1010 electrons) 
‣ stripline_x: Beam position measured by a stripline BPM (X) [unit: µm] 

- stripline_y is for a stripline BPM (Y) 
‣ steering_current: Steering magnet current [unit: A]
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Reading the data files with python
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Navigating Data
• Check data columns 

• Obtaining column values • Obtaining row values
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Plotting Data

• This example plots a waveform of a signal 
from BPM-A (X) over time 

• Plot the waveforms of: 
‣ BPM-A(Y) 
‣ BPM-B(X) and BPM-B(Y) 
‣ BPM-C(X) and BPM-C(Y)
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Fast Fourier Transform
• The previous plot (waveform) is in time-domain 
‣ Fast Fourier transform (FFT) translates the data from time-domain to frequency-domain 

• Perform FFT to others: BPM-A(Y), BPM-B(X), BPM-B(Y), BPM-C(X), BPM-C(Y) 
‣ Check if there are signals at appropriate frequency 
‣ If not, which frequencies are they at?
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Collecting FFT Amplitudes
• First, find the index where the signal is 
‣ 80 MHz is found at 77th index 
‣ Find other frequency indices if you found 

in the previous page 

• Then, find the FFT value there 

• Better way is integration within a 
range (e.g. ±5 frequency bins) 

• Collect the integrated FFT values over all 
measurements and plot them 

• Repeat the same thing for other channels
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Promoting to a function
• We’ll do FFT many times from now on, let’s promote it as a function 
‣ Open Notepad and write the following (and save in the same folder)
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FFT values over measurements
• For BPM-A(X) case:

11



2025 Accelerator and Beam Line Field Training, Jul 8 2025, Korea University Sejong Campus Soohyung Lee, Ph. D (Korea University)

Adding FFT values to DataFrame
• It is more convenient to add the FFT values we found to the DataFrame
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Group by steering currents
• We want to average the FFT values for each beam positions 

• Now we are ready to plot something like: 

• Plot the same thing for other channels
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FFT values vs Stripline BPM

• Do the same thing for other channels 
• Can you add error bars?
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Fit FFT value vs stripline BPM
• Import lmfit: 
• Define fit model ( ) 

• Fit the data 

• Obtain the calibration factor for others

y = a |x − b | + c
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Resolution Analysis
• Read the resolution data file 

• Plot all waveforms 
• Perform FFT for all channels 
• Collect the integrated FFT values over all measurements and plot them
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Singular Value Decomposition (SVD)
• Import necessary package 

• Construct necessary matrices 

• SVD analysis 

• Plot prediction vs measurement for BPM-A(X) 
• Plot residual (prediction - measurement) distribution
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Singular Value Decomposition (SVD)
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Fit residual with Gaussian
• We use lmfit again to fit the residual with Gaussian
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The resolution
• Residual in FFT value = 8.92 
• Calibration factor = 0.16 / µm 

• Position resolution = (FFT) / (calibration factor) = 8.92 / 0.16 = 55.75 µm 

• This value is not final since there are further corrections that I won’t cover in this 
lecture 

• Find the resolutions for other channels
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