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Introduction

Superconducting Nb cavities are of utmost importance to large-
scale accelerators; in particular, maintaining high Q factors at high 
accelerating gradients is necessary for efficient acceleration. 

When Nb cavities cool down, they are prone to forming Nb-H 
compounds, which increases surface resistance, hence decreasing 
the quality factor and the usable acceleration gradient. 

Figure 2. Nb LCM images, taken at varying temperatures. (Left) T= 300K. (Right) T=77K. 

Experimental Setup and Data Acquisition
We use a Laser Confocal Microscope, equipped with a thermally 
shielded region where we pump liquid He to cool the sample to 
cryogenic temperatures. We also use a LakeShore Temperature 
Controller, which serves as a thermometer and heater, to monitor and 
control the stage temperature. These are shown in Fig. 1.

 

After mechanically polishing the samples, we take microscope 
images as a function of temperature during cooldown and warmup, 
repeating the process for a number of cycles to investigate the 
behavior of cavity samples under multiple cryogenic cycles, see [1] 
for further information. Example images labelled with temperature are 
in Fig. 2. 

Figure 1. (Left) Experimental equipment and (Right) mechanically polished sample. 

FERMILAB-POSTER-19-072-AD-TD

Start: Original image. 

1. Fourier Transform image.

2. Filter out low-frequency data. 

3. Inverse Fourier Transform. 

4. Threshold image to take values in {0,1}. 

5. Filling Fraction = Weighted average of thresholded image.

Return:  Filling Fraction.

Algorithm

Results
We can use this procedure to compare the behavior of many 
different types of samples. In Fig. 3, we compare a sample’s 
behavior on cooldown with its behavior on warmup. This 
agrees with previous results [1,3].

Additionally, these plots are similar to Resistivity vs 
Temperature plots from DC superconductivity, so we can fit for 
Tc and κ, a parameter that lends insight into the transition 
width. We fit to the functional form shown in Eqn. (1), and a 
sample fit is shown in Fig. 4. 

Figure 4. (Left) Comparison of Filling Fraction plots for warmup vs cooldown.
    (Right) Fitted Filling Fraction vs T plot. 
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Figure 3. Visual depiction of Algorithm. 
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Data Analysis

We use image analysis techniques from computer-aided diagnosis 
[2] to track image features as a function of temperature. 

In particular, we use Fourier Analysis to estimate the area of an 
image that is filled by edges. The algorithm is stated later, with visual 
examples from an electron-irradiated sample with fluence Φt = 1.8 x 
1022  e-/m2 and stage temperature T = 57K  in Fig. 3.   
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