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Outline	
  

	
  	
  	
  	
  
l  The	
  RCS	
  kicker	
  and	
  its	
  impedance.	
  

	
  	
  	
  	
  	
  	
  (Theory	
  &	
  Measurements)	
  
	
  

l 	
  	
  A	
  strategy	
  to	
  achieve	
  1MW	
  goal	
  in	
  the	
  serious	
  
	
  	
  	
  	
  	
  	
  condiEon.	
  	
  

u Tune	
  manipulaEon	
  &	
  space	
  charge	
  damping.	
  
	
  

l 	
  	
  A	
  proposal	
  reducing	
  the	
  kicker	
  impedance.	
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RCS	
  Parameters	
  
Parameter	
  list(C=348.333m,	
  h=2,	
  RepeEEon	
  rate=25Hz)	
  
T(KineEc	
  energy,	
  GeV)	
  	
  	
  	
  	
  　0.4	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3	
  
Qx	
  /	
  Qy	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  6.45/6.42	
  
Bf	
  (Av/Peak)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  　　　　　	
  0.47	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.185	
  
Nb	
  (protons/bunch)/1013	
  	
  	
  	
  	
  	
  3.11	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  　3.11	
  
Ic	
  	
  (Average	
  current,	
  A)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  6.1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  　8.3	
  	
  	
  	
  	
  	
  
Ip	
  	
  (peak	
  current,	
  A)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  13	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  46	
  
f0(MHz)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.614	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.84	
  
η(slippage	
  factor)               -0.4791                                                    -0.047	
  
Δp/p(%)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.85	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.38	
  
τz	
  	
  (half	
  bunch	
  length,	
  m)	
  	
  	
  	
  55	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  20	
  
νs	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.0058	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.0005	
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l  The	
  RCS	
  uElizes	
  ceramic	
  chambers.	
  
l  It	
  is	
  designed	
  so	
  that	
  the	
  impedance	
  is	
  suppressed	
  
	
  	
  	
  	
  	
  	
  except	
  the	
  kicker	
  impedance.	
  	
  



	
  	
  	
  	

l  The	
  impedance	
  for	
  proto-­‐type	
  kicker	
  (~20	
  kΩ/m)	
  	
  
	
  	
  	
  	
  	
  is	
  measured	
  by	
  the	
  wire	
  method	
  (8	
  are	
  installed).	
  	
  
l  It	
  is	
  10	
  Emes	
  larger	
  than	
  that	
  of	
  SNS	
  kickers,	
  	
  
	
  	
  	
  	
  	
  since	
  no	
  impedance	
  reducEon	
  cure	
  has	
  been	
  made.	
  
l  If	
  we	
  apply	
  the	
  Sacherer’s	
  theory	
  (no	
  space	
  charge	
  
	
  	
  	
  	
  	
  effect)	
  to	
  the	
  RCS,	
  the	
  kicker	
  impedance	
  should	
  	
  
	
  	
  	
  	
  	
  cause	
  beam	
  instabiliEes	
  around	
  100	
  kW.	
  	
  

u 	
  A	
  significant	
  gap	
  exists	
  between	
  the	
  theory	
  and	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  the	
  measurement.	
  	
  
l  Precise	
  esEmaEon	
  of	
  the	
  kicker	
  impedance	
  is	
  	
  
	
  	
  	
  	
  	
  necessary	
  (a	
  theory	
  is	
  developed	
  [Y.Shobuda	
  et	
  al	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  NIMA	
  691,11,135	
  &	
  NIMA	
  713,11,52].).	
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VV  

VV  

PFL	
  
kicker	
  

Short	
  plate	
  Coax.	
  Cable	
  

u The	
  short	
  plates	
  double	
  	
  the	
  excitaEon	
  current	
  by	
  superposing	
  the	
  
forward	
  and	
  backward	
  currents,	
  	
  

	
  	
  	
  	
  	
  when	
  a	
  beam	
  is	
  extracted	
  from	
  the	
  RCS.	


The	
  RCS	
  kicker	
  (distributed	
  type)	

Input	
  of	
  coaxial	
  cable	
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＋ ー＋ー＋

beam

earth plates

coil

coil

ferrite

high voltage plates

O x0

earth plate

high voltage plates

coil

beam

ferrite
magnetic flux

Excitation of the kicker impedance	


Front view	


The Beam and the coils are coupled magnetically.	


Currents flow in the coils.	


The coils and the high voltage plates	


are connected electrically. 	


Overhead view	


The beam receives longitudinal kicks 	


electrically (Longitudinal impedance ZL)	


Zx =
∂2ZL

k∂x0∂x x=x0=0

Horizontal impedance is derived by  	
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Red:	
  Theory	
  
Blue:	
  measurement	


Measurement of the beam induced voltage	

8 Kickers

injection sector

extraction sector

RF sector

l  Let an injection (pulse) beam 	


       from LINAC pass 	


      through the kickers once.	


l  The excited current flows 	


      to the ends of the cables.	


l  Theory predicts the beam	


     induced voltage at the  ends of	


     the cables.	


kicker

Coaxial

.V

VL
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LINAC	




The relation between the impedance and the 	


voltages.	


Longitudinal impedance � Horizontal impedance	


The impedances depend on the induced voltages through 	


 the functions Y1,Y2YL,1,YL,2. �

The theory can relate	


 the measured voltages to the impedances.  	
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Lcable :cable inductance per a meter 	


Ccable :cable capacitance per a meter	


lcable   :cable length	


�

Cable resistivity �

1/ 2 LcableCcable lcable

Longitudinal impedance	


Horizontal impedance	

TheoreEcal	
  and	
  measured	
  
results	
  are	
  in	
  good	
  	
  
agreement.	
  
(arEficial	
  peaks	
  appear	
  	
  
around	
  f=n/Δ,	
  n=1,2,…	
  
Δ	
  is	
  the	
  pulse	
  length)	
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Red: theory	


Blue: measurements	


Lorentz-β=0.545	




When the terminal is connected to a matched resistor, the Lorentz-β	


dependence of the impedance is found.	


Theory 	


Theory 	


Measured	


Measured	


Red:β=0.9	
  
Blue:β=0.75	
  
Black:β=0.545	
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l  The	
  longitudinal	
  impedance	
  has	
  limle	
  dependence	
  on	
  the	
  
Lorentz	
  factor	
  at	
  low	
  frequency,	
  	
  

l  while	
  the	
  transverse	
  impedance	
  is	
  roughly	
  proporEonal	
  to	
  
Lorentz-­‐β	
  factor	
  in	
  the	
  whole	
  frequency	
  region.	
  	
  

	
  
	
  
u 	
  The	
  non-­‐relaEvisEc	
  beam	
  receives	
  more	
  fluctuaEng	
  kicks	
  from	
  

the	
  wake	
  fields	
  while	
  going	
  through	
  them.	
  	
  
u The	
  kicks	
  tend	
  to	
  cancel	
  each	
  other	
  in	
  net.	
  
u However,	
  longitudinal	
  wakes	
  are	
  excited	
  by	
  the	
  beam	
  like	
  

cosine	
  funcEon,	
  and	
  they	
  are	
  nearly	
  constant	
  	
  at	
  low	
  frequency	
  
during	
  the	
  beam	
  passage.	
  	
  

n  Beam	
  induced	
  voltage	
  are	
  successfully	
  converted	
  to	
  	
  
	
  	
  	
  	
  	
  	
  the	
  kicker	
  impedance.	
  	


n  Characteris5c	
  of	
  impedance	
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u The	
  	
  beam	
  tends	
  to	
  be	
  more	
  unstable	
  horizontally	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  than	
  longitudinally,	
  as	
  it	
  becomes	
  relaEvisEc.	
  	




The	
  kicker	
  with	
  simpler	
  termina5on	
  	


kkiicckkeerr  
theory � Measured(wire) �
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ZL =
1
4

Lind
C

2sin2
ω LindCL

2
+ j(ω LindCL − sinω LindCL)

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

Zx =
L

16ab
Lind
C

1− cosω LindCL
ω LindCL

+ j 1−
sinω LindCL
ω LindCL

⎛

⎝⎜
⎞

⎠⎟
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

The agreements are remarkably important.	


because Nassibian proposed the formula 	


for the kicker impedance with the termination,	


the	
  formulae	
  does	
  not	
  saEsfy	
  the	
  Hilbert	
  transformaEon	
  	
  
(causality	
  condiEon),	
  as	
  already	
  pointed	
  out	
  by	
  K.Ng	
  (AIP	
  184,	
  472).	
  	
  



A	
  strategy	
  to	
  achieve	
  one-­‐mega	
  wam	
  goal	
  	
  
with	
  the	
  present	
  kicker	


l  Let	
  us	
  demonstrate	
  that	
  the	
  kicker	
  impedance	
  dominates	
  	
  
among	
  the	
  RCS	
  impedance	
  sources	
  by	
  using	
  750	
  kW	
  beam.	
  	
  

l  The	
  kicker	
  impedance	
  is	
  minimized	
  	
  by	
  connecEng	
  matched	
  
resistors	
  to	
  all	
  terminals	
  of	
  the	
  cables.	
  	
  

V 

kicker 
PFL coax. cable 

diode  
& 
matching load 

V �� �

�� �

coax cable
20ohm resistor 

20ohm resistor 

�� � 20ohm resistor 

�� �20ohm resistor 
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Tune	
  paDern:	


l  ChromaEcity	
  is	
  	
  
	
  	
  	
  	
  	
  fully	
  corrected	
  	
  
	
  	
  	
  	
  	
  along	
  the	
  enEre	
  	
  
	
  	
  	
  	
  	
  energy.	
  	
  
l  750kW	
  beam.	
  

l  VerEcal	
  	
  moEon	
  (blue)	
  becomes	
  	
  
unstable	
  accompanied	
  with	
  the	
  	
  
horizontal	
  one(red),	
  because	
  the	
  	
  
both	
  tunes	
  merge	
  	
  during	
  the	
  	
  
acceleraEon.	
  
l  The	
  resistors	
  make	
  the	
  beam	
  	
  
growth	
  rate	
  significantly	
  reduced.	
  
	


Kicker	
  	
  
Impedance	
  
dominates	
  
at	
  the	
  RCS.	
  

Condi5on	
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l SimulaEon	
  studies	
  have	
  been	
  progressing	
  at	
  the	
  RCS.	
  
l SimulaEon	
  code	
  ORBIT	
  is	
  used	
  at	
  the	
  RCS	
  for	
  special	
  
studies	
  about	
  the	
  beam	
  instability.	
  

l ORBIT	
  is	
  originally	
  developed	
  in	
  SNS	
  for	
  storage	
  rings.	
  
	
  

u In	
  2013,	
  Dr.	
  J.	
  Holmes	
  visited	
  to	
  J-­‐PARC	
  RCS.	
  
u 	
  He	
  succeeded	
  to	
  implement	
  the	
  β-­‐dependence	
  of	
  
the	
  kicker	
  impedance	
  into	
  the	
  code.	
  	
  	


l We	
  demonstrate	
  that	
  the	
  kicker	
  impedance	
  
dominates	
  	
  among	
  the	
  RCS	
  impedance	
  sources.	
  

l Only	
  the	
  kicker	
  impedance	
  is	
  sufficient,	
  
considering	
  the	
  beam	
  instability	
  at	
  the	
  RCS	
  by	
  
simulaEon	
  codes.	
  	
  

u How	
  about	
  simulaEon	
  study	
  ?	
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l  SimulaEon	
  results	
  for	
  one	
  megawam	
  beam.	


When	
  the	
  tunes	
  	
  
change	
  as	


The	
  tune	
  manipulaEon	
  cure	
  the	
  beam	
  instability.	


The	
  chromaEcity	
  is	
  corrected	
  only	
  at	
  the	
  injecEon	
  energy.	
  	


The	
  tunes	
  are	
  fixed	
  during	
  	
  
the	
  acceleraEon	
  Eme.	
  
(νｘ=6.45,	
  νy=6.42)	
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u Benefit	
  of	
  tune	
  manipula5on	




The	
  kicker	
  impedance	
  substanEally	
  determines	
  	
  	
  
the	
  preferable	
  tune	
  to	
  accomplish	
  the	
  	
  high	
  intensity	
  beam.	


The	
  availability	
  of	
  the	
  procedure	
  is	
  demonstrated	
  by	
  750	
  kW	
  beam	
  	
  
where	
  the	
  momentum	
  spread	
  of	
  the	
  	
  injecEon	
  beam	
  dp/p=0.18	
  %.	
  	
  	
  
u The	
  chromaEcity	
  is	
  corrected	
  only	
  at	
  the	
  injecEon	
  energy.	
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This	
  October,	
  	

several	
  tune	
  manipulaEons	
  	
  are	
  experimentally	
  	
  challenged	
  	
  
by	
  gradually	
  decreasing	
  	
  the	
  tunes	
  	
  toward	
  the	
  extracEon	
  Eme.	
  	


u Three	
  	
  tracking	
  pamerns	
  (νx=6.32,	
  6.27	
  and	
  6.22	
  at	
  the	
  extracEon	
  Eme)	
  	
  
seem	
  promising	
  to	
  achieve	
  the	
  high	
  intensity	
  goal.	
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l  In	
  the	
  accelerator	
  covering	
  the	
  intermediate	
  energy	
  region	
  	
  
	
  	
  	
  	
  	
  such	
  as	
  the	
  RCS,	
  the	
  smaller	
  bunching	
  factor	
  	
  
	
  	
  	
  	
  	
  (average	
  current/peak	
  current)	
  especially	
  around	
  the	
  low	
  energy	
  	
  
	
  	
  	
  	
  	
  region	
  causes	
  beam	
  stabilizaEons	
  	
  by	
  	
  	
  expanding	
  	
  	
  the	
  tune	
  spread.	
  
	
  	
  	
  	
  	
  [Y.	
  Shobuda	
  et	
  al	
  IPAC2011,MOPS004]	
  	
  
l We	
  expect	
  the	
  effect	
  by	
  making	
  the	
  RCS	
  beam	
  accumulaEng	
  	
  	
  
	
  	
  	
  	
  	
  the	
  injecEon	
  beam	
  with	
  smaller	
  momentum	
  spread.	
  	
  

u Benefit	
  of	
  space	
  charge	
  damping	
  	


The	
  injecEon	
  beam	
  	
  
with	
  the	
  smaller	
  	
  
momentum	
  spread	
  creates	
  	
  
the	
  RCS	
  beam	
  with	
  the	
  	
  
smaller	
  bunching	
  	
  
factors.	
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l  The	
  beam	
  with	
  the	
  smaller	
  bunching	
  factor	
  is	
  stabilized.	
  
l  The	
  space	
  charge	
  effect	
  suppress	
  the	
  beam	
  growth.	
  	


Measurement	
  results(750kW)	


ChromaEcity	
  is	
  corrected	
  only	
  at	
  the	
  injecEon	
  energy.	
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n 	
  In	
  １MW	
  operaEon,	
  it	
  is	
  planned	
  that	
  	
  
	
  	
  	
  	
  the	
  sextupole	
  magnets	
  will	
  be	
  turned	
  off.	
  	
  	
  	
  	
  
	
  
n  The	
  voltage	
  with	
  the	
  second	
  harmonic	
  RF	
  as	
  well	
  as	
  the	
  one	
  

with	
  the	
  	
  fundamental	
  harmonic	
  	
  RF	
  is	
  excited	
  during	
  the	
  
injecEon	
  period,	
  in	
  the	
  rouEne	
  operaEon	
  of	
  RCS.	
  	
  

	
  
n  In	
  order	
  to	
  miEgate	
  the	
  space	
  charge	
  effect,	
  
	
  	
  	
  	
  	
  the	
  longitudinal	
  painEng	
  is	
  performed	
  	
  

l  by	
  applying	
  the	
  phase	
  sweep	
  of	
  the	
  second	
  harmonic	
  
voltage	
  (-­‐100	
  degree)	
  	
  relaEve	
  to	
  the	
  phase	
  of	
  the	
  
fundamental	
  one,	
  

l  by	
  adequately	
  superposing	
  the	
  voltage	
  with	
  second	
  
harmonic	
  to	
  the	
  one	
  with	
  the	
  fundamental	
  harmonic	
  in	
  
order	
  that	
  the	
  injecEon	
  beam	
  feels	
  momentum	
  offset	
  	
  
(-­‐0.2	
  %)	
  relaEve	
  to	
  the	
  center	
  of	
  the	
  RF-­‐bucket.	
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On	
  the	
  other	
  hand,	
  
	
  
n  	
  Present	
  strategy	
  to	
  achieve	
  one	
  mega-­‐wam	
  beam	
  is	
  	
  

l  to	
  make	
  maximum	
  use	
  of	
  the	
  adequate	
  tune	
  
manipulaEon	
  combined	
  with	
  the	
  space	
  charge	
  
damping	
  effect.	
  	
  

l When	
  the	
  damping	
  effect	
  is	
  insufficient,	
  the	
  bunching	
  
factor	
  will	
  be	
  made	
  lowered	
  by	
  	
  acEvaEng	
  the	
  second	
  
harmonic	
  voltage	
  without	
  the	
  phase	
  sweep,	
  neither	
  	
  
the	
  momentum	
  offset	
  during	
  the	
  injecEon	
  period.	
  	
  

u In	
  order	
  to	
  pursue	
  the	
  higher	
  intensity	
  beam,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  there	
  is	
  no	
  way	
  except	
  reducing	
  the	
  kicker	
  impedance	
  itself.	
  	
  
	




A	
  reducEon	
  scheme	
  of	
  the	
  kicker	
  	
  impedance	
  
■ In	
  order	
  to	
  reduce	
  the	
  impedance,	
  a	
  resistor	
  with	
  matched	
  	
  
	
  	
  	
  	
  should	
  be	
  inserted	
  between	
  the	
  coaxial	
  cable	
  and	
  PFN.	
  	
  

l The	
  resistor	
  has	
  to	
  be	
  isolated	
  from	
  PFN,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  but	
  needs	
  to	
  be	
  seen	
  by	
  a	
  beam.	
  

l We	
  need	
  a	
  mechanism	
  to	
  isolate	
  the	
  damping	
  resistor	
  from	
  	
  	
  	
  
	
  	
  	
  pulse	
  current	
  from	
  the	
  PFN.	
  
l From	
  a	
  mechanical	
  point	
  of	
  view,	
  the	
  easiest	
  way	
  is	
  to	
  insert	
  
a	
  diode	
  in	
  front	
  of	
  the	
  resistor.	
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l  In	
  pracEcal	
  point	
  of	
  view,	
  the	
  	
  diode	
  must	
  have	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  the	
  high	
  reverse	
  voltage	
  VR	
  (the	
  resistor	
  has	
  to	
  be	
  isolated	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  from	
  PFN	
  when	
  the	
  kicker	
  is	
  fired)	
  	
  

l  Requirement	
  to	
  the	
  actual	
  diode:	
  the	
  VR	
  must	
  have	
  	
  
	
  	
  	
  	
  at	
  least	
  40kV	
  or	
  higher.	
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n  The	
  most	
  significant	
  concern	
  is	
  whether	
  the	
  beam-­‐induced	
  
current	
  flows	
  the	
  diode	
  having	
  	
  the	
  such	
  high	
  reverse	
  voltage.	
  	




u Let	
  us	
  measure	
  the	
  kicker	
  impedance.	


l  The	
  convenEonal	
  wire	
  method	
  cannot	
  measure	
  the	
  	
  impedance	
  of	
  
the	
  kicker	
  with	
  the	
  diodes,	
  	
  

	
  	
  	
  	
  	
  because	
  the	
  measurement	
  is	
  basically	
  	
  done	
  in	
  frequency	
  domain	
  by	
  	
  	
  	
  
	
  	
  	
  	
  	
  using	
  weak	
  currents	
  with	
  Network	
  Analyzer.	
  	
  
l  Applying	
  our	
  theory	
  to	
  the	
  case,	
  the	
  terminal	
  impedance	
  (measured	
  

by	
  the	
  beam-­‐induced	
  voltage/current	
  at	
  the	
  ends	
  of	
  the	
  cable)	
  can	
  be	
  
converted	
  to	
  the	
  kicker	
  impedance.	
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n  because	
  the	
  diode	
  	
  becomes	
  more	
  conducEve	
  for	
  higher	
  current,	
  
which	
  means	
  that	
  the	
  terminal	
  impedance	
  (diode+resistor)	
  
approaches	
  the	
  characterisEc	
  impedance	
  of	
  the	
  kicker.	
  

n  The	
  scheme	
  successfully	
  makes	
  the	
  present	
  kicker	
  impedance	
  	
  
halved	
  or	
  less.	
  	
  

Issue:	
  
u We	
  do	
  not	
  sufficiently	
  study	
  whether	
  the	
  kicker	
  equipped	
  	
  
	
  	
  	
  	
  	
  with	
  	
  the	
  diodes	
  and	
  resistors	
  extracts	
  	
  beams	
  	
  from	
  	
  the	
  RCS,	
  yet.	
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Intensity	
  dependence	
  of	
  the	
  kicker	
  impedance	




	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Summary	
  
n  The	
  measured	
  beam-­‐induced	
  voltage	
  at	
  the	
  ends	
  of	
  the	
  kicker	
  	
  cables	
  	
  	
  
	
  	
  	
  	
  	
  is	
  successfully	
  	
  	
  transformed	
  to	
  the	
  kicker	
  impedance.	
  	
  
	
  
n  The	
  measurement	
  enhances	
  the	
  reliability	
  of	
  the	
  esEmaEon	
  of	
  	
  
	
  	
  	
  	
  	
  the	
  kicker	
  impedance,	
  so	
  that	
  it	
  is	
  incorporated	
  	
  
	
  	
  	
  	
  	
  into	
  	
  	
  the	
  input	
  of	
  ORBIT.	
  	
  	
  
	
  
n  In	
  order	
  to	
  achieve	
  	
  high	
  intensity	
  beams,	
  it	
  is	
  	
  effecEve	
  to	
  uElize	
  	
  	
  
	
  	
  	
  	
  tune	
  manipulaEons	
  and	
  the	
  space	
  charge	
  damping	
  effect.	
  

l  It	
  is	
  preferable	
  that	
  	
  the	
  momentum	
  spread	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  of	
  the	
  injecEon	
  beam	
  is	
  	
  as	
  small	
  as	
  possible.	
  	
  
	
  
n  The	
  measurements	
  of	
  the	
  terminal	
  impedance	
  at	
  the	
  ends	
  of	
  	
  
	
  	
  	
  	
  	
  the	
  kicker	
  cables	
  by	
  using	
  	
  the	
  beam-­‐induced	
  voltage/current	
  	
  
	
  	
  	
  	
  	
  demonstrate	
  that	
  the	
  kicker	
  impedance	
  can	
  be	
  	
  halved	
  or	
  less	
  	
  
	
  	
  	
  	
  	
  by	
  amaching	
  the	
  resistors	
  combined	
  with	
  	
  diodes	
  	
  there.	
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