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Cryomodule Cooling System

Conclusion
1. Both	  CM-‐1	  in-‐house-‐made	  solenoid	  packages	  and	  CM-‐2	  first-‐vendor-‐produced	  solenoid	  

packages	  showed	  robust	  and	  stable	  quality.	  
2. Bucking	  coils	  +	  local	  magnetic	  shield	  give	  enough	  shielding	  and	  successfully	  prevented	  

magnetic-‐field-‐caused	  cavity	  quench.	  	  
3. Mu-‐metal	  (µ>10000	  @	  25	  K)	  showed	  similar	  reliability,	  we	  will	  order	  Mu-‐metal	  shielding	  

for	  future	  use	  due	  to	  low	  cost	  (1/3	  of	  A4K).

• 3	  In-‐house	  designed	  Solenoid	  packages	  	  	  	  	  	  	  	  
• 8	  beta=0.085	  Quarter	  wave	  resonators(QWRs)	  
• Local	  Magnetic	  shield	  	  	  

• Lower	  material	  cost	  
• Shield	  from	  both	  earth	  magnetic	  field	  and	  solenoid	  magnetic	  field	  

• Adopting	  low	  cost	  Mu-‐metal	  for	  promising	  shield	  material	  test	  
• CM-‐2	  has	  the	  same	  design	  as	  CM-‐1,	  except	  using	  A4K	  for	  all	  cavities	  and	  
solenoid	  produced	  by	  vendor
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FRIB-‐1	  Cryomodule	  (CM-‐1)	  
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• Main	  solenoid:	  focusing	  
• Dipoles	  (Steering	  Coils):	  direction	  
changing	  

• Bucking	  coils:	  Magnetic	  fringe	  field	  
cancelation	  (No	  Yoke)

Local Magnetic Shielding
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CM-1 Solenoid Package Test

Result	  
• Ramping	  rate	  maximum:	  0.5	  A/s	  
• Stable	  during	  Polarity	  changing	  	  
• Stable	  work	  together	  
• Stable	  and	  not	  influence	  cavity	  
performance	  

• Validated	  Mu-‐metal	  (µ>10000	  @	  
25	  K,	  1/3	  cost	  of	  A4K)	  not	  worse	  
than	  A4K

Procedures	  
• Excite	  solenoid,	  change	  ramping	  
rate	  (9:00	  -‐	  10:17)	  

• Polarity	  change	  (10:19	  -‐	  10:28)	  
• Excite	  dipoles	  alone	  and	  together	  
(10:41-‐11:22)	  

• Excite	  all	  coils	  (11:50-‐12:20)	  
• Integral	  test:	  package	  and	  nearest	  
cavities	  were	  all	  turned	  on	  (not	  
shown)	  

• Degaussing

Beam
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CM-2 Solenoid Package Test

Result	  
• Ramping	  rate	  maximum:	  0.5	  A/s	  
• Stable	  during	  Polarity	  changing	  	  
• Stable	  work	  together	  
• Stable	  and	  not	  influence	  cavity	  
performance	  

• Validated	  Mu-‐metal	  (µ>10000	  @	  
25	  K,	  1/3	  cost	  of	  A4K)	  not	  worse	  
than	  A4K

Procedures	  
• Same	  procedures	  as	  in	  CM-‐1	  
• Integral	  test	  as	  shown	  in	  right	  
figure	  (15:07-‐16:06)
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• Set-‐point	  is	  30	  mV	  
• Picked	  14:38	  -‐	  16:10,	  within	  the	  test	  
time,	  see	  upper	  graph	  time	  line	  

• Work	  combine	  with	  cooling	  system
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