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• Magne;c	
  shielding	
  is	
  a	
  key	
  technology	
  for	
  
superconduc;ng	
  RF	
  cavi;es.	
  
• It	
  is	
  necessary	
  to	
  op;mize	
  the	
  shielding	
  method,	
  
including	
  the	
  choice	
  of	
  materials	
  and	
  the	
  shape	
  of	
  the	
  
magne;c	
  shield,	
  and	
  to	
  establish	
  a	
  method	
  for	
  quality	
  
control	
  suitable	
  for	
  large-­‐scale	
  produc;on.	
  	
  
• A	
  few	
  ~10	
  %	
  of	
  the	
  cost	
  of	
  an	
  SC	
  cavity	
  system	
  comes	
  
from	
  magne;c	
  shielding.	
  
• Finding	
  a	
  good	
  enough	
  material	
  and	
  establishing	
  a	
  
good	
  and	
  solid	
  technology	
  are	
  important.	
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Ambient	
  field:	
  
Earth’s	
  magne;c	
  field	


Earth’s	
  magne;c	
  field:	
  ~0.47	
  G	
  in	
  the	
  
open	
  air	
  around	
  KEK.	
  
Similar	
  in	
  Chambon	
  la	
  Foret,	
  France.	
  

• Ambient	
  field	
  is	
  NOT	
  uniform	
  though	
  
in	
  buildings,	
  experimental	
  halls	
  and	
  
accelerator	
  tunnels.	
  
• Earth’s	
  field	
  is	
  not	
  the	
  only	
  source	
  of	
  
ambient	
  field	
  in	
  the	
  tunnel.	
  

€ 

B ~ 47800[nT] = 0.478[G]
Non-­‐uniformity	
  &	
  stronger	
  fields	
  come	
  	
  
from	
  ferro-­‐concrete	
  columns,	
  
power	
  cables,	
  
breaker	
  boxes,	
  and	
  so	
  on.	




Juliette Plouin – TTC Meeting 2014 @ DESY 

During the cool down of the niobium cavity, 
flux lines of static magnetic field are trapped 
in the material.  

Their presence in the superconducting state 
of Niobium is responsible of an enhancement 
of the residual resistance of the cavity 

 
 ð Achievement of challenging Q0 in cavities, (ie low 
surface resistance goes through an effort to minimize 
magnetic field close to the cavities 



Need	
  for	
  magne;c	
  shield	

• The	
  acceptable	
  level	
  of	
  ambient	
  magne;c	
  field	
  depends	
  on	
  factors	
  such	
  as	
  

• opera;ng	
  RF	
  frequency	
  
• accelera;on	
  gradient	
  
• opera;ng	
  mode,	
  either	
  pulsed	
  (linear	
  collider)	
  or	
  CW	
  (ERL)	
  
➔ The	
  wall	
  losses	
  on	
  the	
  cavity	
  surfaces	
  are	
  determined	
  by	
  the	
  surface	
  
resistance	
  Rsurf,	
  	
  which	
  has	
  contribu;ons	
  from	
  three	
  terms:	
  
	
  

➔ The	
  acceptable	
  level	
  of	
  ambient	
  magne;c	
  field	
  can	
  be	
  as	
  low	
  as	
  a	
  few	
  
mG	
  (a	
  few	
  hundreds	
  of	
  nT).	
  
➔ A	
  factor	
  of	
  100	
  reduc;on	
  from	
  ~500	
  mG	
  to	
  ~5	
  mG	
  is	
  needed.	
  

• Superconduc;ng	
  cavi;es	
  
• They	
  are	
  operated	
  at	
  LHe	
  temperatures	
  (4K,	
  2K)	
  
➔ Shielding	
  effec;veness	
  at	
  cryogenic	
  temperatures	
  is	
  important.	

€ 

Rsurf = RBCS + Rres + Rmag

RBCS	
  comes	
  from	
  BCS	
  theory	
  
Depends	
  on	
  T	
  and	
  frequency	


Rres	
  Comes	
  represents	
  the	
  residual	
  
resistance,	
  depends	
  on	
  cavity	
  fabrica;on	
  
method	
  &	
  treatment.	
  

Rmag	
  Comes	
  from	
  trapping	
  and	
  
pinning	
  of	
  the	
  ambient	
  magne;c	
  
field.	
  

We	
  need	
  magne;c	
  shielding,	
  a	
  factor	
  of	
  100	
  reduc;on	
  or	
  more,	
  for	
  cryogenic	
  use.	




CEA/KEK	
  collabora;on	
  in	
  the	
  framework	
  of	
  
FJPPL	
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CEA-­‐Saclay	
  and	
  KEK	
  have	
  been	
  measuring	
  the	
  
permeabili;es	
  µ	
  of	
  various	
  shielding	
  materials.	
  

  

! 

! 
B = µ

! 
H 

l We	
  measured	
  µ	
  of	
  the	
  same	
  sample	
  at	
  both	
  CEA	
  and	
  KEK	
  	
  
l At	
  room	
  temperature	
  and	
  cryogenic	
  temperature	
  	
  

l Make	
  comparisons	
  	
  
l Evaluate	
  possible	
  systema;c	
  errors	
  between	
  the	
  two	
  
groups.	
  

l We	
  exchange	
  informa;on	
  about	
  vendors,	
  materials	
  and	
  so	
  on.	
  
l Compare	
  shielding	
  effec;veness	
  in	
  the	
  cryomodules.	
  

Shielding	
  using	
  high	
  µ	
  material	
  
to	
  bypass	
  the	
  magne;c	
  flux	




Evalua;on	
  of	
  various	
  shielding	
  materials	
  
(for	
  cryogenic	
  use)	
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Various	
  
materials	




Evalua;on	
  of	
  various	
  shielding	
  materials	
  
Our	
  choice	
  

The	
  characteris;cs	
  studied	
  by	
  KEK	
  &	
  Saclay	
  include:	

l Permeability	
  dependence	
  on	
  the	
  ambient	
  	
  
temperature,	
  annealing	
  temperature	
  and	
  annealing	
  
paBerns.	

l Permeability	
  degrada;on	
  due	
  to	
  mechanical	
  strain.	

l Permeability	
  varia;ons	
  among	
  samples.	

➔ From	
  the	
  results	
  of	
  our	
  study,	
  we	
  selected	
  a	
  
suitable	
  material	
  (Cryophy)	
  for	
  both	
  XFEL	
  (CEA)	
  and	
  
cERL	
  (KEK),	
  and	
  good	
  cavity	
  performance	
  was	
  
obtained.	
  	


When	
  dropped	
  (~	
  1m	
  height)	
  :	
  
Permeability	
  is	
  reduced	
  by	
  a	
  factor	
  of	
  2!	
  
“Drop	
  test”	
  by	
  Amuneal,	
  	
  communica;on	
  
with	
  J.Plouin	
  (CEA)	
  

cERL	
  Main	
  Linac	
  Cavity	
  system	


High	
  Power	
  Test	
  
The	
  Q0-­‐value	
  exceeded	
  the	
  design	
  
value	
  of	
  1010	
  .	
  
This	
  indicates	
  that	
  the	
  magne;c	
  
shield	
  kept	
  the	
  ambient	
  magne;c	
  
field	
  to	
  a	
  level	
  of	
  10	
  mG	
  at	
  cryogenic	
  
temperature,	
  	
  agreeing	
  with	
  the	
  
simula;on.	




X F E L
X-­‐R a y 	
  F r e e -­‐E le c tr on 	
  L a s e rMagnetic Shieldings 

30 May 2013 10 O. Napoly, LC 2013 

Series by 
MecaMagnetic for 
XM-3 and XM-2 
cryomodules 

Magnetic shields are qualified by the excellent 
dynamic cryogenic performance of XM-3 



Proposal	
  for	
  A_RD_7	
  	
  
“Study	
  of	
  the	
  effects	
  of	
  an	
  external	
  magne;c	
  field	
  

on	
  Superconduc;ng	
  RF	
  cavity	
  performance”	
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We	
  plan	
  to:	
  
• Con;nue	
  to	
  evaluate	
  the	
  permeability	
  of	
  various	
  shielding	
  
materials	
  for	
  superconduc;ng	
  RF	
  cavi;es.	
  
• Inves;gate	
  possible	
  causes	
  for	
  the	
  performance	
  degrada;on	
  of	
  
shielding	
  material	
  at	
  cryogenic	
  temperature.	
  

• CEA	
  has	
  shown	
  examples	
  of	
  good	
  thermal	
  treatment	
  and	
  
shipping	
  packing	
  at	
  TTC	
  (TESLA	
  Technology	
  Collabora;on)	
  in	
  
March.	
  	
  



X F E L
X-­‐R a y 	
  F r e e -­‐E le c tr on 	
  L a s e rThermal treatment at Bodycote ABMT 

O. Napoly, DESY 25/03/2014 12 

Two cryomodules per thermal treatment (~24h) 
Oven temperature homogenity is OK over this volume 
(same oven as for the IPHI RFQ)v 

Cost of thermal treatment is ~30% 



X F E L
X-­‐R a y 	
  F r e e -­‐E le c tr on 	
  L a s e rThermal treatment at Bodycote 

O. Napoly, DESY 25/03/2014 13 



X F E L
X-­‐R a y 	
  F r e e -­‐E le c tr on 	
  L a s e rShipment packaging to CEA and to/from Bodycote 

O. Napoly, DESY 25/03/2014 14 
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We	
  plan	
  to	
  	
  
• Study	
  the	
  dependence	
  of	
  cavity	
  performance	
  on	
  the	
  ambient	
  
magne;c	
  field.	
  

• 	
  Measure	
  the	
  quality	
  factor	
  (Q0-­‐value)	
  of	
  the	
  cavity	
  using	
  
different	
  magne;c	
  shields.	




• Measure	
  the	
  external	
  ambient	
  magne;c	
  field	
  
inside	
  the	
  shield	
  without	
  the	
  cavi;es	
  at	
  room	
  
temperature	
  (RT),	
  4K	
  and	
  2K.	
  	
  	
  

• A	
  flux-­‐gate	
  sensor,	
  which	
  is	
  designed	
  to	
  
measure	
  low	
  magne;c	
  fields,	
  is	
  used.	


• Install	
  the	
  9-­‐cell	
  cavity	
  system	
  and	
  measure	
  Q0-­‐
value	
  at	
  4K	
  and	
  2K.	

• Repeat	
  this	
  for	
  two	
  different	
  shields	
  made	
  of	
  
different	
  materials.	


9-­‐cell	
  cavi;es	
Magne;c	
  shield	


Procedures	


Flux-­‐gate	
  
sensor	


Cryogenic	
  system	
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Procedures	
  
We	
  are	
  currently	
  inves;ga;ng	
  the	
  feasibility	
  of	
  

this	
  test	


• Wind	
  a	
  solenoid	
  coil	
  around	
  the	
  cavity	
  system	
  to	
  
generate	
  a	
  magne;c	
  field	
  	
  

• Cool	
  it	
  down	
  	
  to	
  4K	
  and	
  2K	
  	
  
• Measure	
  the	
  Q0-­‐value	
  at	
  different	
  magne;c	
  fields.	
  	
  
	
  
➔ We	
  will	
  be	
  able	
  to	
  see	
  the	
  effects	
  of	
  the	
  strength	
  
of	
  the	
  magne;c	
  field	
  on	
  the	
  cavity	
  performance.	




Summary	
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• Con;nue	
  to	
  evaluate	
  the	
  permeability	
  of	
  various	
  shielding	
  materials	
  for	
  
superconduc;ng	
  RF	
  cavi;es.	
  
• Con;nue	
  to	
  inves;gate	
  possible	
  causes	
  of	
  performance	
  degrada;on	
  of	
  shielding	
  
materials	
  at	
  cryogenic	
  temperatures,	
  and	
  develop	
  solu;ons.	
  
• Develop	
  a	
  quality	
  control	
  method,	
  suitable	
  for	
  use	
  in	
  mass	
  produc;on.	
  
• Relate	
  ambient	
  magne;c	
  field	
  to	
  the	
  cavity	
  performance	
  (Q0-­‐value).	
  

• Q0-­‐value	
  measurements	
  at	
  KEK	
  with	
  different	
  magne;c	
  shields.	
  
• More	
  Q0-­‐value	
  data	
  from	
  XFEL	
  via	
  CEA	
  with	
  the	
  magne;c	
  shield	
  made	
  of	
  
Cryophy.	
  

• We	
  believe	
  that	
  we	
  have	
  brought	
  more	
  aBen;on	
  to	
  magne;c	
  shielding	
  in	
  the	
  
superconduc;ng	
  RF	
  community	
  through	
  the	
  work	
  in the frame of FJPPL and we 
would like to continue our activity.	
  
➪ We would like to find a recipe to optimize cost vs shielding effectiveness.	

➪ Contribute	
  to	
  a	
  shielding	
  material	
  database	
  that	
  the	
  community	
  can	
  share.	
  

• Study	
  of	
  feasibility	
  of	
  reducing	
  the	
  ambient	
  magne;c	
  field	
  to	
  the	
  level	
  of	
  1	
  mG	
  or	
  
less.	
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In	
  the	
  case	
  of	
  STF2	
  (Superconduc;ng	
  RF	
  Test	
  Facility	
  2).	



