
Introduc)on	


It	
  is	
  important	
  to	
  reduce	
  the	
  beam	
  loss	
  	
  
in	
  order	
  to	
  u)lize	
  the	
  FFAG	
  accelerator	
  	
  
for	
  various	
  applica)ons.	
  	


In	
  case	
  of	
  150-­‐MeV	
  FFAG	
  accelerator,	
  
10%	
  of	
  the	
  extrac)on	
  beam	
  is	
  lost	
  	
  
at	
  the	
  septum	
  magnet.	
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Requirements	
  for	
  the	
  kicker	
  magnet	
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・Rise	
  )me	
  is	
  required	
  to	
  be	
  less	
  than	
  150	
  ns.	
  
・Flat	
  top	
  is	
  required	
  to	
  be	
  more	
  than	
  100	
  ns.	
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Purpose	
  of	
  study	


Development	
  of	
  the	
  kicker	
  with	
  fast	
  rise	
  )me	
  
in	
  order	
  to	
  increase	
  extrac)on	
  efficiency	
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Principle	
  of	
  rise	
  )me	
  and	
  inductance	


This	
  is	
  equa)on	
  of	
  self-­‐induced	
  electromo)ve	
  force.	


Inductance	


Smaller	
  inductance	
  realizes	
  faster	
  rise	
  )me.	
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  current	


Rise	
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New	
  type	
  of	
  kicker	
  magnet	


New	
  type	
  of	
  Kicker	
  (1700A	
  x	
  3	
  =	
  5100A)	


Peak	
  current	
  	
  :	
  5100	
  A	
  
Maximum	
  	
  voltage	
  	
  :	
  40	
  kV	
  
Inductance:	
  0.72μH	


Rise	
  )me	
  of	
  the	
  new	
  kicker	
  
is	
  less	
  than	
  150	
  ns	


present	
  Kicker	
  (1700	
  A)	
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To	
  reduce	
  the	
  inductance	
  of	
  the	
  kicker,	
  coil	
  is	
  divided	
  into	
  3	
  parts.	
  	


Measured inductance:  
6.5 µH	


Estimated inductance: 
 0.72　µH	
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  Tracking	
  simula)on	
  with	
  TOSCA	
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Calcula)on	
  of	
  magne)c	
  field	
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Simula)on	
  of	
  the	
  beam	
  extrac)on	
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Circula)ng	
  beam	


	
  the	
  extrac)on	
  beam	
  at	
  septum	
  magnet	
  

septum	
 About	
  30	
  mm	


The	
  extrac)on	
  beam	
  is	
  not	
  lost	
  at	
  the	
  septum	
  magnet.	


Emigance	
  	
  :	
  30π	
  mm・mrad	


Septum	
  magnet	
  aperture	
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  70	
  mm.	
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Measurements	
  of	
  the	
  kicker(1)	


Measured	
  inductance	
  by	
  net	
  work	
  analyzer	
  is	
  0.95	
  μH.　	


Air	
  core	
  coil	


FRP	
  board	


The	
  inductance	
  of	
  the	
  kicker	
  meets	
  requirements.	


This	
  is	
  the	
  kicker	
  developed	
  at	
  Kyushu	
  University.	
  	


・The	
  three	
  divided	
  air	
  core	
  coil	
  
	
  	
  is	
  connected	
  in	
  parallel.	


・Each	
  coil	
  is	
  supported	
  by	
  
	
  	
  FRP	
  board.	
  	




Magne)c	
  field	
  of	
  the	
  kicker(2)	


Measured	
  magne)c	
  field	
  of	
  the	
  kicker	
  agrees	
  with	
  the	
  calcula)on.	
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Power	
  source	

・Rise	
  )me	
  	
  	
  	
  	
  :	
  150	
  ns	

・Flat	
  top　        :	
  100	
  ns	


・Peak	
  current　:	
  5100	
  A	
  
・Maximum	
  voltage	
  	
  	
  :	
  40	
  kV	


Requirements	
  for	
  power	
  source	


PFN	
  circuit	


thyratron	

transmission	
  line	

length：70	
  m	
  

kicker	


・The power source consists of PFN circuit and thyratron.	




Power	
  test(1)	


Experiment	
  condi)on	


Dummy load: 1 µH,1 mΩ 
Voltage        : 42 kV(pulse)	


Result	
  

Rise	
  )me(0-­‐96%):170	
  ns	
  
Flat	
  top(more	
  than	
  96%):110	
  ns	
  
Peak	
  current:5030	
  A	
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Power	
  test(2)	


0	
  

1000	
  

2000	
  

3000	
  

4000	
  

5000	
  

6000	
  

0	
   5	
   10	
   15	
   20	
   25	
   30	
   35	
   40	
   45	
   50	
  

　
Pe

ak
　
cu
rr
en

t[
A
]	


Voltage	
  	
  [V]	


Required	
  voltage	
  is	
  39	
  kV	
  in	
  order	
  to	
  realize	
  
required	
  kicker	
  current(5100	
  A).	


・Peak	
  current	
  is	
  propor)onal	
  to　voltage	
  of	
  power	
  source.	
  	


Measurement	
  of	
  peak	
  current	
  to	
  voltage	


	
  39	
  kV	
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  A	


Voltage	
  :	
  	
  2~12	
  kV	
  (kicker	
  in	
  air)	
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  kV	
  (dummy	
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Simula)on	
  of	
  the	
  beam	
  extrac)on(1)	


Peak	
  current	
  
5100	
  A	
  

Voltage	
  39	
  kV	
  

Revolu)on	
  
250	
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150	
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Extrac)on	
  beam	
  	
circula)ng	
  beam	
  	


・The	
  extrac)on	
  beam	
  is	
  kicked	
  when	
  the	
  current	
  of	
  the	
  kicker	
  is	
  from	
  4488	
  A	
  to	
  5100	
  A.	
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The	
  calculated	
  extrac)on	
  efficiency	
  is	
  100	
  %.	
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Summary	

Purpose	
  of	
  study	
  	


Development	
  of	
  the	
  kicker	
  with	
  fast	
  rise	
  )me	
  	
  
in	
  order	
  to	
  increase	
  extrac)on	
  efficiency	


・Inductance	
  of	
  the	
  developed	
  kicker	
  is	
  0.95	
  μH	
  	


・Rise	
  )me	
  of	
  kicker	
  current	
  is	
  170	
  ns,	
  	
  
	
  	
  and	
  flat	
  top	
  is	
  110	
  ns.	
  	


The	
  simula)on	
  gives	
  the	
  extrac)on	
  efficiency	
  of	
  100%	
  	


We	
  designed	
  a	
  new	
  type	
  of	
  the	
  kicker	


The	
  new	
  kicker	
  was	
  developed	


The	
  power	
  source	
  for	
  the	
  kicker	
  was	
  developed	
  	


・The	
  kicker	
  coil	
  was	
  divided	
  three	
  part	
  of	
  coil	




Thank	
  you	
  for	
  listening	
  to	
  my	
  presenta)on	
  


