
ILC計画実現に向けたKEKにおける 
超伝導加速空洞の製造研究 

SRF cavity fabrication study for ILC at KEK 
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h1p://www.tel.co.jp/genso/periodic/index.html
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1.3	
  m 210	
  mm L 	
  



 

Mg Al Ti Fe Nb Cu W Au

	
  
(g/cm3) 1.74 2.69 4.54 7.86 8.56 8.93 19.1 19.3

	
  
( ) 651 660 1675 1535 2470 1085 3387 1064

(GPa) 65 73 103 200 103 123 345 80

(×10-­‐6/ ) 25.4 23 8.4 12.1 7.1 16.8 4.3 14.3

	
  
(W/m	
  K) 159 204 17 67 58	
   386 198 295

•  	
  
•  RRR:	
  Residual	
  Resistance	
  RaQo 	
  
•  Heraeus

	
  
•  PLANSEE WEB .	
  

h1p://www.plansee.com/jp/Materials-­‐Niobium-­‐405.htm
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CBMM

CBMM’s	
  Araxá	
  niobium	
  mine	
  in	
  Brazil,	
  which	
  has	
  reserves	
  
sufficient	
  for	
  some	
  500	
  years	
  at	
  current	
  producQon	
  rates.

CBMM WEB 	
  
h1p://www.cbmm.com
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ALD 600kW
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  mm)
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KEK 	
  
SST

15	
  kW	
   	
  
60 150	
  kV	
  
0 100	
  mA	
  

	
  
3200×1500×2200	
  mm
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ILC
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31	
  km

h1ps://aaa-­‐sentan.org/ILC/

	
  

17,000

ILC ;	
  InternaQonal	
  Linear	
  Collider 30km

ILC CERN LHC
ILC 3



ILC From Design to Reality
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Published	
  on	
  12	
  June	
  2013	
  
h1ps://www.linearcollider.org/ILC/PublicaQons/Technical-­‐Design-­‐Report

Technical	
  Design	
  Report

ILC

	
  

Volume 3-­‐II:	
  Accelerator	
  Baseline	
  Design,	
  
3.2.2	
  “Cavity	
  fabricaQon	
  and	
  surface	
  processing”	
  

	
  
(p	
  31)
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KEK

•  	
  
•  	
  
•  	
  
• 

 

17,000

STF

	
  

	
  

ILC 	
  

	
  

2011.7	
  

16,024	
  ×	
  1.1	
  =	
  17,626
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CFF

	
  
STF



 

STF

Cavity Fabrication Facility (CFF) Clean room 19m x 14m x 5m Height) 
Cleanness ISO

2011 7

	
  
CP

	
  

ATF

	
  
CFF 	
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CFF
 

SST  
150 kV

	
  
	
  

CP

CNC
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CFF
2011.	
  7 (CFF)	
   	
  
2012.	
  2 KEK-­‐0 29	
  MV/m.	
  
2012.	
  4 KEK-­‐1 	
  
2014.	
  3 KEK-­‐1 36	
  MV/m	
  
2014.	
  4 R&D 1 3 5 	
  

2015.6	
  
2016.	
  2 KEK-­‐2 	
  
2016.	
  4 KEK-­‐3 R7/7b 	
  

	
  
	
  

 

KEK-­‐0

CFF 	
  

KEK-­‐1
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KEK-­‐2
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9 3
3 1 1 5

	
  
(MV/m)

0	
   9	
   9 29 Jobshop

1 9 CFF 	
  
ILC 36

2 9 LG 23

R1 1 LG 43

R2 1 FG 37 R1

R3 3 	
   36

R4 1 41

R5 1 LG/ RRR 31 R1

R6 1 R1

TESLA-­‐like



9 KEK-1
 

HOM	
  coupler

	
  
ILC 35	
  MV/m
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1. 

CFF SST 150	
  kV

2. 

3. 
CFF 100000 1000

4. 
RRR RRR	
  >	
  

300
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KEK,	
  Masashi	
  YAMANAKA	
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H C O N Fe Si Ta RRR

<	
  10 <	
  30 <	
  30 10 3 20 1034 100

Chemical	
  composiQons	
  (unit:	
  ppm)	
  and	
  RRR
Mo#va#on	
  
	
  	
  Reduce	
  the	
  niobium	
  material	
  cost	
  
Approach	
  
•  Use	
  low	
  RRR	
  cheap	
  niobium	
  
•  Use	
  sliced	
  ingot	
  sheet	
  
Objec#ves	
  
•  Manufacture	
  a	
  single	
  cell	
  cavity	
  
•  Evaluate	
  the	
  performance	
  

50	
  mm

Sliced	
  ingot	
  niobium φ260
Boundary	
  was	
  traced	
  by	
  felt	
  pen	
  
Material	
  was	
  manufactured	
  by	
  CBMM

1.3	
  GHz	
  single	
  cell	
  cavity	
  manufacture	
  by	
  CFF	
  at	
  KEK	
  
Cell	
  shape:	
  TESLA-­‐like	
  (end	
  cell)

31

Result	
  of	
  verQcal	
  test

KEK-­‐R5

TTC2015
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KEK,	
  Masashi	
  YAMANAKA	
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Fine	
  grain	
  (TD)

Large	
  grain	
  (TD) 42
3631

H C O N Fe Si Ta RRR

LG	
  (TD) <	
  5 <	
  10 <	
  10 <	
  10 <	
  10 <	
  10 80 390*

FG	
  (TD) <	
  10 40 100 40 20 20 700 258**

LG	
  (CBMM)	
   <	
  10 <	
  30 <	
  30 10 3 20 1034 100*
Measurement	
  RRR:	
  *	
  by	
  KEK,	
  **	
  by	
  TD

The	
  effect	
  of	
  low	
  RRR	
  and	
  high	
  Ta	
  is	
  not	
  separated	
  here.	
  

KEK-­‐R1

KEK-­‐R2
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Rotation

Beam (deflection) 	
   	
  

2-­‐ 	
  

	
  

Beam 

KEK-­‐R3



TIG
 

LHe 	
  

TIG
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