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Multi-cell cavity performance 

• 1.3/1.5 GHz single-cell cavities can attain an accelerating 
gradient over 20 MV/m with Q ~ 1010.

• Cavities of various frequencies (650 MHz, 952 MHz, 2.6 GHz, 
3.6 GHz) coated at different facilities show comparable 
performance. 

• 1.5 GHz five-cell and 1.3 GHz 9-cell cavities were 
demonstrated to reach Q ~ 1010 at 10 MV/m at 4.4 K.

• Maximum gradients achieved up to ~ 20 MV/m.

R&D 1.3/1.5 GHz single-cell cavity performance 

Performance of vapor-diffused Nb3Sn grown on Nb
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Introduction – Topographic Defects 
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[3] Xie , et al. Quench Simulation Using a Ring-Type Defect Model SRF’11, 2011
[4] Kubo, Takayuki, Progress of Theoretical and Experimental Physics 2015.6 (2015): 063G01.

• Topographic defects produce local field 
enhancements due to the nature of the 
Meissner current. It has been proposed that 
this may turn regions of the cavity normal 
conducting and lead to thermal instabilities.

• Topographic defects may also reduce the local 
superheating fields. This reduces the field 
required to nucleate dissipative vortex 
semiloops and trigger thermal instabilities.
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Nb3Sn is topographically imperfect 
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Topography Nb3Sn – Evolution with Coating Duration
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Slope angle calculation

Investigation
• Study samples coated from 1 to 78 hours (6 samples)
• 10x areas randomly sampled via AFM from each sample 

• Access to ℎ𝑥, ℎ𝑦 is given by the 

extension of the Savitzky-Golay
filter for surfaces [1]

• High slope angles exist regardless of 
coating duration

Increased coating duration results in:
• Thickening of the coating
• Grain growth
• Roughening of the surface
• Grooves are on the order of 100 

nm deep (comparable to the 
penetration depth)
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[1] Lechner, Eric M., et al. Physical Review Accelerators and Beams 26.10 (2023): 103101.



Superheating Field Suppression
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Force from the surface: 𝑱𝑽+𝑰 ∙ ෝ𝒏 = 0Force on vortex from magnetic field 

- Condition for vortex nucleation
- London theory vortex nucleation position

Superheating field suppression (SFS) factorGeometrically suppressed 𝐵𝑠

used to represent Nb3Sn
Limitations:
Calculation is performed in the 
London theory
1. Neglects the BCS current-

field relation

Deep-groove limit 𝜂(𝜃)



MFE & SFS
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Magnetic Field Enhancement Factor
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5 µm

5 µm5 µm

Superheating Field Suppression Factor

compute 𝜃 𝒓 and 𝛿(𝒓)

Perfect Electrical Conductor Model London Model

used to represent Nb3Sn
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Results

• Increase in groove depth is 
clearly observed

[1]

• No obvious trend with magnetic field 
enhancement factors.

• Peak MFE factors between 1.5 and 2

Increased coating duration results in:

• No obvious trend with slope angles

- self-similarity

[1]
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[2]
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Thermal grooves are often considered to 
retain the groove angle during annealing

[1]



Results
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• Bifurcation in the deviation between 
background plane and the topography 

• This bifurcation is more clearly reflected 
in the SFS factor. During short annealing 
times 

• This bifurcation is more clearly reflected 
in the SFS factor. During short annealing 
times the distribution presented a 
merged bimodal distribution which 
bifurcates as coating time proceeds.
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Discussion
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• Considering only the effects of superheating field 
suppression on the superheating field (~400 mT) 
peak magnetic fields of 107-128 mT may be 
expected.

• Peak magnetic field enhancement values fall 
around ~1.7.

• There are many locations where MFE and SFS 
overlap. This may reduce further reduce the field 

of vortex penetration by B𝑚𝑎𝑥
∗ =

𝜂

𝛽
B𝑚𝑎𝑥. The 

combined effect can reduce peak magnetic field 
to ~51-77mT (12-18MV/m in TESLA-shaped 
cavities).

• While this is in qualitative agreement with the 
field limitation in Nb3Sn, there are many loss 
mechanisms which should be considered before
topography.



Discussion – Other Performance Limiting Mechanisms
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Deep-groove limit 𝜂(𝜃)

The deep-groove limit suggests that you 
should not see Q-slopes below 50 mT, yet 
many examples of this exist.

Sn droplets
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Thin patchy regions
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Discussion – How Can The Suppression Factor Be Improved?
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Short coating durations at 1200 °C tend to reduce groove depths 

Temperature may play a role in surface
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Conclusions & Future Work

Conclusions

• Developed a simple model to calculate the superheating field suppression factor in the 
London theory.

• We have shown that superheating field suppression may be a large contributor to peak 
field degradation in dense, stoichiometric Nb3Sn. The effect of which is compounded by 
local magnetic field enhancement.

• We hope that this work inspires more physically justified theories to make estimates of 
the geometrically suppressed superheating field in the deeper type-II limit where Nb3Sn 
resides.

Future work

• Compare the topography from witness samples and performance of Nb3Sn coated 
cavities.
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