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Introduction 
1. Accelerating field of modern superconducting 

radiofrequency (SRF) cavities are often limited by 
quenches. 
 

2. Quench locations can be identified by the 
temperature mapping and optical inspection 
system. According to these observations, poor 
weld is one of causes of quenches.  
 

3. The above suggest that optimizing Electron beam 
welding (EBW) conditions might solve the quench 
problems. 
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Experiments and parameters 



Experiment 

1. Cut out Nb test-pieces 
(150mm 150mm) 

2. Pre-weld etchings (10–30μm) 
by 1:1:1 BCP solution.  

3. EBW at the next room 

BCP 

EBW 

Cavity Fabrication Facility (CFF) BCP at CFF 

EBW at CFF 



Experiment (cont.) 

Examples of test pieces (heads↑ and tails↓). 
Various combinations of parameters were tried



EBW parameters 

1. Combinations of generator position and 
welding direction 
 

2. Accelerating voltage, Va (kV) 
 

3. Beam current, Ib (mA) 
 

4. Welding speed, v (mm/s) 
 

5. ab-factor 
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EBW parameters 
1.Combinations of generator and welding direction, 
2.Accelerating voltage, Va (kV), 
3.Beam current, Ib (mA),  
4.Welding speed, v (mm/s),  
5.ab-factor 

𝑎 ≡
ℓ
𝑓

 

defocused defocused 
focused 



Typical geometries of weld beads 



Underbead geometry (case (a): V-H) 

Case (a) 
Vertical gun direction and 
Horizontal welding direction.  
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Case (a) 
Vertical gun direction and 
Horizontal welding direction.  

Underbead 

Welding 
direction 

flip 

Gravity 

Opposite side 



Underbead geometry (case (a): V-H) 

Cross section of an underbead 

Case (a) 
Vertical gun direction and 
Horizontal welding direction.  

Underbead 

Welding 
direction 

Gravity 

Inside a test piece 

flip 

Gravity 

Opposite side 



Underbead geometry (case (b): H-H) 

Case (b) 
Horizontal gun direction and 
Horizontal welding direction.  



Underbead geometry (case (b): H-H) 
Underbead 

Welding direction 

Gravity 

Case (b) 
Horizontal gun direction and 
Horizontal welding direction.  



Underbead geometry (case (b): H-H) 
Underbead 

Welding direction 

Gravity 

Cross section 

Inside a 
test piece 

Gravity 

Case (b) 
Horizontal gun direction and 
Horizontal welding direction.  



Case (c) 
Horizontal gun direction and 
Downward welding direction.  

Underbead geometry (case (c): H-D) 



Gravity 

Welding 
direction 

Underbead 

Case (c) 
Horizontal gun direction and 
Downward welding direction.  

Underbead geometry (case (c): H-D) 



Gravity 

Welding 
direction 

Underbead 

Case (c) 
Horizontal gun direction and 
Downward welding direction.  

Underbead geometry (case (c): H-D) 



Underbead geometry (case (d): H-U) 

Case (d) 
Horizontal gun direction and 
Upward welding direction.  



Underbead geometry (case (d): H-U) 
Underbead 

Gravity 
Welding 
direction 

Case (d) 
Horizontal gun direction and 
Upward welding direction.  



Underbead geometry (case (d): H-U) 

Inside a test piece 

Underbead 

Cross section 

Gravity 
Welding 
direction 

Case (d) 
Horizontal gun direction and 
Upward welding direction.  

Cross section of an underbead 



Underbead geometry 

Inside a test piece

Case (d): H-U 

50μm 

Inside a test piece 

Case (c): H-D 

50μm 

Inside a test piece 

Case (a): V-H Case (b): H-H

Inside a test piece 

50μm 
50μm 



Underbead geometry 

Case (a): V-H 

Case (b): H-H 



Search for good parameter-regions 



Examples of underbeads 

Good weld 

Poor weld 

Holes 

Weld spatters 

Narrow underbeads 



Good parameter-regions 
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Discussions on pit 



Magnetic field enhancement at pits 
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Magnetic field enhancement at pits 

200μm 
A 
B 

Direction of  
magnetic field 

A 
B 

Shape of the bottom is not important 

Magnetic field is 
enhanced at edges 



Magnetic field enhancement at pits 
The simplest model is a two-dimensional pit with a 
triangular section 
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round edge radius re 



Magnetic field enhancement at pits 
The simplest model is a two-dimensional pit with a 
triangular section 

The magnetic field enhancement factor at 
the edges are given as a function of  a slope 
angle α, pit size R, and round edge radius re: 

𝛽∗ = 𝑃(𝛼)
𝑅
𝑟

ఈ
ଵାఈ

 
P(α) is given in 
Poster TUP008 



Magnetic field enhancement at pits 

𝛽∗ = 𝑃(𝛼)
𝑅
𝑟

ఈ
ଵାఈ

 

𝐵 ௗ௪~
200 mT

𝛽∗ =
200 mT

𝑃(𝛼)
𝑟

𝑅

ఈ
ଵାఈ

 

𝐸 ௗ௪ = 𝑔ିଵ𝐵 ௗ௪ = 𝑔ିଵ 200 mT
𝑃(𝛼)

𝑟

𝑅

ఈ
ଵାఈ

 

where  g = Bpeak/Eacc  for a given cavity shape 

peak 

acc 



Comparisons with vertical test results 

Pit (1) Pit (2) 

α, R, and re are  measured from pit profiles 



Comparisons with vertical test results 



Comparisons with vertical test results 

TUP008 
Model of the magnetic field 

enhancement at pits,  
Takayuki Kubo (KEK) 



Summary 

• We started a study on optimum EBW 
parameters.  

• Beam generator position and welding 
direction dramatically affect a geometry of 
weld bead.  

• Parameter regions for good welds were 
surveyed.   

• Formula for a magnetic enhancement 
factor at pits was derived, which agree 
with experiments.  

  To accumulate statistics is a future work.   
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