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Future Research

Fabricated cavities are heat treated to remove defects. The next step in this 

experiment is to use different heat treatments on the samples and then perform 

EBSD analysis in the same locations on the samples as previously done. This will 

be done to determine how heat treatment details affect reduction of defects by 

comparing the LAM graphs and histograms. It is theorized that if the number of 

defects in the niobium decreases, the amount of flux trapping will decrease as well. 

However, further experiments must be conducted to confirm this.

Results Continued

Both iris samples show a general trend of increasing LAM from the outside to 

the inside, but there are variations between the locations. Equator samples show 

a similar trend; however, it is more subtle. More uniform LAM values in rolling 

direction samples vs. transverse rolling direction samples is another trend 

observed in both iris and equator samples. This implies that the interactions 

between the material and the die depend significantly on the way the material 

forms in each direction.

It is also noteworthy that the peak values are higher in the iris than the equator, 

but from the forming history, the outside of the iris has the least contact with the 

die and does not touch it until the forming process is nearly complete. In 

contrast, the equator material must flow around a corner of the die as it is drawn 

in and compressed, against the constraint of the male part of the die on the 

inside. While the overall equivalent strain in the iris involves tension to 

equivalent strains near 40%, the equivalent strains at the equator is smaller, but 

the material is bent and unbent in the process.

Methods

1. EBSD analysis was completed on a set of polycrystal Nb 

samples from a deformed cavity half

2. Samples come from the inner (iris) or outer (equator) rings of 

the formed half cell 

3. Each sample had EBSD scans performed in two locations 

with a step size of 2μm performed across the cavity thickness

4. A total of 6 deformed samples were analyzed and named 

after their locations on the cavity. Equator and Iris samples 

are denoted with an “E” or an “I” respectfully, rolling 

direction and transverse direction are labeled with “RD” and 

“TD” respectfully, and their degree of separation from that 

direction, if applicable

Local average misorientation (LAM) values were collected from EBSD data. These 

data provide a measure of geometrically necessary dislocation density. Columns of 

LAM values were plotted across the thickness of the samples. Subsets from each 

column from the top, middle, and bottom portions of the scans were average and 

plotted with colored curves. A smoothed, black average line including all data was 

also plotted. In both the equator and iris samples, the LAM increased as the inside 

surface of the sample was approached. An increase in LAM is seen on the outside 

edges as well, however, it is not as extreme as the inside edges.

To quantify defects in a cavity with a large grain size ( > 5 cm), Kang et al.2 also 

used electron backscatter diffraction (EBSD) on the cross section of the formed 

cavity to find local average misorientation (LAM) spatially, which is proportional to 

the defect content. The figure shows a large concentration of defects surface, shown 

by the high LAM values near the surface. 

• The LAM graphs created by Kang et al. show LAM values between 0.2 and 1.2o

• The polycrystal graphs shows values between 1 and 10o

• Although a larger step size was used on the large grain niobium when performing 

EBSD analysis, LAM values in the polycrystal niobium are much greater than 

those in the large grain. 

→ This suggests that grain boundaries have a profound effect on the number of 

defects present in the deformed material.

Normalized histograms of the LAM data were also created to observe variations in 

LAM within the samples. The data were partitioned into five equal parts from 

outside to inside, and each part is overlaid as a separate histogram from each scan 

area at the two locations where measurements were made. 

Results
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Niobium superconducting radio frequency (SRF) cavities are the 

core structures in particle accelerators. To operate, large currents 

are run through the cavities; in the superconducting state, these 

currents do not cause resistance. However, defects in the Nb can 

trap magnetic flux, which can generate heat and cause material in 

the surrounding area to lose its superconducting properties, 

increasing operating cost. Heat treatments are used to remove 

hydrogen and to reduce the defects in the crystal lattice. During 

recovery, point defects and some dislocations are removed from 

the material, but there is no major reconstruction or change in the 

microstructure. In recrystallization, however, grain boundaries 

migrate and create a more stress and defect free crystal.

Prior examination of the effects of heat treatment on cavity 

performance has shown that higher heat treatment temperatures 

reduces the defect density and improves the cavity performance.1

Additionally, a past study performed by Kang et. al. revealed that 

SRF cavities have a layer about 200 μm thick with significant 

deformation in the microstructure.2

It is theorized that by increasing the heating rate of the cavities 

during their final heat treatment, fewer dislocations will have 

recovered and stabilized as low angle boundaries that can trap 

flux3, and instead, dislocations will provide a stronger driving 

force for recrystallization (motion of high angle boundaries that 

leave a more perfect crystal in their wake), resulting in a lower 

number of defects that lead to flux pinning.

Introduction

*A step size of 20 μm was used during data collection.


