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Introduc.on	
  
	
  

Beam	
  power	
  history	
  of	
  the	
  J-­‐PARC	
  RCS	
  and	
  MR	
  



RCS	
  output	
  beam	
  power	
  history	


◆	
  	
  Beam	
  commissioning	
  of	
  the	
  linac	
  	
   	
  November	
  2006	
  ~	
  
◆	
  	
  Beam	
  commissioning	
  of	
  the	
  RCS	
   	
  October	
  2007	
  ~	
  
◆	
  	
  Startup	
  of	
  the	
  MLF	
  user	
  operaRon 	
  December	
  2008	
  ~	


H.	
  Hotch	
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◆	
  Beam	
  commissioning	
  of	
  the	
  MR	
  	
   	
   	
   	
   	
   	
   	
   	
  May	
  2008	
  	
  
◆	
  First	
  beam	
  to	
  the	
  Hadron	
  target	
  with	
  slow	
  extracRon 	
  	
   	
   	
  Feb	
  2009	
  	
  
◆	
  T2K	
  neutrino	
  beamline	
  started	
  operaRon	
   	
   	
   	
   	
   	
  Apr	
  2009	
  	
  
	
 T.	
  Koseki	


MR	
  opera.on	
  history	
  from	
  Jan	
  2010	
  to	
  Feb	
  2013	
  
	




Introduc.on	
  
	
  

Beam	
  monitors	
  and	
  the	
  beam	
  parameters	
  



Hadron	
  BT	
  

MEBT	
   DTL/SDTL	
   A0BT	
  

L3BT	
  	
  
&	
  
dumps	
  

Abort	
  dump	
  line	
  

3-­‐50BT	
  

RFQ	
  

MR	
  

ν	
  BT	
  

Beam	
  parameters	


ACS	


3Ν	
  BT	
  
30	
  GeV	
  
~	
  1.4x1014	
  ppp	
  /	
  8	
  bunches	
  
220	
  kW	
  (goal:	
  750kW)	
  
σx,	
  σy	
  ~	
  1	
  –	
  50	
  π	
  mmmrad	
  	
  
length~10–200ns	
  
νx,	
  νy	
  ~	
  22.40,	
  20.75	
  (FX)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  22.30,	
  20.78	
  (SX)	


3	
  GeV	
  
~	
  2.6x1013	
  ppp	
  /	
  2	
  bunches	
  
300	
  kW	
  	
  (goal:	
  1MW)	
  
σx,	
  σy	
  ~	
  50	
  –	
  200	
  πmmmrad	
  
length	
  ~	
  10	
  –	
  500	
  ns	
  
νx,	
  νy	
  ~	
  6.45,	
  6.42	


181	
  MeV	
  (400	
  MeV)	
  
H-­‐	
  ~	
  20	
  mA	
  (goal:	
  50mA)	
  
σx, σy	
  ~	
  0.1	
  πmmmrad	
  
length	
  ~	
  0.1	
  ns	


Charge-­‐exchange	
  
injecRon	
  
with	
  carbon	
  foil	
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17	
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3	
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  WS/BSM	
  
30	
  BLM	


48	
  	
  BPM	
  
11	
  	
  SCT	
  
	
  5	
  	
  	
  FCT	
  
24	
  WS/BSM	
  
38	
  BLM	


54	
   	
  BPM(COD)	
  
3	
   	
  BPM	
  (RF)	
  
4	
   	
  BPM	
  (fast)	
  
1 	
  BPM	
  (tune)	
  
2	
   	
  DCCT	
  /	
  SCT	
  
8	
   	
  MCT,	
  FCT,	
  WCM	
  
2	
  +1	
   	
  IPM	
  
7	
  	
   	
  MWPM	
  
90	
   	
  BLM	
  (proporRonal)	
  
24	
   	
  BLM	
  (ionizaRon)	
  
20	
  	
   	
  BLM	
  (scinRllator)	
  
2	
   	
  Exciter	


MEBT	
   DTL/SDTL	
   A0BT	
   L3BT	
  &	
  dumps	
  

RCS	
  

5	
  	
  	
  	
  	
  FCT	
  
14	
  	
  	
  BPM	
  
5	
  	
  	
  	
  	
  SEEM	
  
50	
  	
  	
  BLM	
  
(proporRonal)	
  
4	
  	
  	
  	
  	
  BLM	
  (ionizaRon)	
  
1	
  	
  	
  	
  	
  OTR	
  /	
  	
  
Fluorescent	
  screen	
  

Abort	
  dump	
  line	
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7	
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  WCM	
  
186	
  	
  	
  BPM	
  (COD,	
  turn-­‐by-­‐turn)	
  
2	
  	
  	
  	
  	
  	
  	
  BPM	
  (stripline)	
  
238	
  	
  	
  BLM	
  (proporRonal)	
  
36	
  	
  	
  	
  	
  	
  BLM	
  (ionizaRon)	
  
2	
  	
  	
  	
  	
  	
  	
  	
  BLM	
  (scinRllator)	
  
1	
  	
  	
  	
  	
  	
  	
  	
  SEEM	
  
5	
  	
  	
  	
  	
  	
  	
  	
  Luminescence	
  screen	
  
3	
  	
  	
  	
  	
  	
  	
  	
  IPM	
  
2	
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  Exciter	
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  SEEM	
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  BT	
  

1     FCT	
  	
  

*Monitors	
  not	
  counted	
  for	
  beam	
  transport	
  lines	
  to	
  the	
  uRliRes,	
  	
  
3N	
  BT,	
  Hadron	
  BT,	
  ν	
  BT	


Hadron	
  BT	
  

42	
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21	
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41	
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4	
  	
  	
  WS	
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21	
  BLM	


Monitors	
  in	
  J-­‐PARC	


ACS	


ACS:	
  under	
  construc.on	
  
Addi.onal	
  devices	
  are	
  	
  
in	
  prepara.on.	


3Ν	
  BT	
  

1	
  	
  	
  	
  	
  	
  FCT	
  	
  
2	
  	
  	
  	
  	
  	
  BPM	
  
32	
  	
  	
  	
  BLM	
  
2	
  	
  	
  	
  	
  	
  Halo	
  	
  
	
  	
  	
  monitor	




Opera.onal	
  aspect	
  of	
  the	
  instruments	
  
	
  

Iden.fy	
  &	
  manipulate	
  small	
  beam	
  losses:	
  	
  
	
   	
  Current	
  monitors,	
  loss	
  monitors	
  



Required	
  Resolu.on	
  for	
  Intensi.es,	
  Losses	


•  Power	
  is	
  limited	
  by	
  the	
  beam	
  losses	
  

•  1	
  W	
  /	
  m	
  @RCS	
  
•  0.5	
  W/m	
  @MR	
  
	
  
	
  ResoluRon	
  of	
  beam	
  current	
  measurement	
  

	
   	
  ΔI	
  /	
  I	
  <	
  0.1%	
  
	
  
In	
  pracRce	
  we	
  check	
  residual	
  acRviRes	
  along	
  the	
  rings.	
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Machine	
  study	
  of	
  the	
  high	
  intensity	
  beam	
  @RCS	


THPWO033	
  Hideaki	
  Hotchi,	
  High	
  Intensity	
  Beam	
  Trial	
  of	
  up	
  to	
  530	
  kW	
  in	
  J-­‐PARC	
  RCS	


Beam	
  power	
  <	
  540	
  kW	
  	




Current	
  monitor	
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  beam	
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THPWO033	
  Hideaki	
  Hotchi,	
  High	
  Intensity	
  Beam	
  Trial	
  of	
  up	
  to	
  530	
  kW	
  in	
  J-­‐PARC	
  RCS	


Compared	
  to	
  the	
  simula.on	
  results	
  



Long	
  AIC	


Beam	
  tail	
  are	
  removed	
  by	
  the	
  
movable	
  L	
  shaped	
  collimator	
  jaw.	
  
The	
  beam	
  intensity	
  was	
  idenRfied	
  
by	
  the	
  calibrated	
  BLMs,	
  short	
  AIC	
  
and	
  Long	
  AIC.	
  	
  

Beam	
  tail	
  measurement	
  	
  
at	
  350BT	
  Collimator	
  using	
  BLMs	


2x1010	
  p	
  /	
  2	
  bunches	


DifferenRaRon	
  yields	
  beam	
  tail	
  profile	


K.	
  Satou,	
  M.	
  Shirakata,	
  Y.	
  Sato	




Difficulty	
  in	
  some	
  cases	


In	
  the	
  case	
  that	
  the	
  beam	
  loss	
  is	
  not	
  localized	
  
Not	
  all	
  the	
  BLMs	
  have	
  been	
  calibrated	
  
→	
  DCCT	
  resoluRon,	
  accuracy	
  	
  	
  required!	


Typical	
  integrated	
  beam	
  loss	
  
	
  of	
  one	
  machine	
  cycle@MR	


VerRcal	
  scale	
  zoomed	


So	
  far	
  we	
  calibrated	
  the	
  BLMs	
  at	
  the	
  straight	
  secRon,	
  "InserRon-­‐B"	
  for	
  SX	
  
to	
  esRmate	
  the	
  extracRon	
  efficiency	
  of	
  the	
  slow	
  beam	
  extracRon.	




DCCT	
  response	
  correc.on	
  with	
  the	
  beam	


Beter	
  precision	
  required:	
  	
  
	
  to	
  detect	
  the	
  beam	
  loss	
  of	
  a	
  few	
  10	
  W,	
  ΔI	
  ∼	
  100µA	
  
	
  especially	
  in	
  the	
  injecRon	
  transient	


Typical	
  beam	
  in	
  the	
  MR	


1	
  %	


Calibrated	
  
using	
  step	
  response	
  at	
  the	
  end	




Corrected	
  response	
  

Blue：no	
  correcRon　　red：with	
  correcRon	




Corrected	
  response	
  

Blue：no	
  correcRon　　red：with	
  correcRon	


The	
  response	
  drius	
  during	
  recent	
  high	
  power	
  operaRon	
  
	
  under	
  invesRgaRon	




Opera.onal	
  aspect	
  of	
  the	
  instruments	
  
	
  
	
  

Precise	
  machine	
  modeling:	
  
	
  BPMs	
  

	
   	
  with	
  Beam	
  based	
  calibra.on	
  



Beam	
  PosiRon	
  Monitors	
  (BPMs)	
  and	
  profile	
  monitors	
  (BT):	
  	
  
	
  important	
  device	
  for	
  ring	
  modeling:	
  
	
   	
  basis	
  of	
  beam	
  simulaRons	
  and	
  control	
  at	
  high	
  intensiRes	
  

	
  
BPMs	
  in	
  J-­‐PARC:	
  

	
   	
   	
  L3BT 	
   	
  RCS	
   	
   	
  350BT 	
   	
   	
  MR	
  
	
   	
   	
  48 	
   	
   	
  54	
  (COD) 	
  14	
  (+3	
  planned)	
   	
  186	
  (COD)	
  
	
   	
   	
   	
   	
  	
  	
   	
  8	
  (others) 	
   	
   	
   	
   	
  2	
  (others)	
  

x,  y = !" cos #0 +$
!p
p

"

#
$

%

&
'% +&0

(

)
*

+

,
-+'

!p
p

posiRon	
  data	
  provides	
  a	
  lot	
  of	
  informaRons	


COD	
  
bunch	
  posiRon	
  
intra-­‐bunch	
  posiRon	
 need	
  precision,	
  resoluRon	




Machine	
  parameter	
  measurements	


K1	


ν x
	


Examples	
  	
  
from	
  MR	
  data	


S.	
  Igarashi	
  	




Beam	
  based	
  Alignment	
  of	
  BPMs	


 Ordinary	
  Beam	
  based	
  alignment	
  
	
  Using	
  one	
  QM	
  for	
  one	
  BPM	
  

	
  
	
  
	
  
  Extension	
  to	
  mulRple	
  BPMs	
  with	
  a	
  QM	
  family	
  

m :  BPM location
n :  QM location

m :  BPM location
n, l, s :  QM location

N.	
  Hayashi	
  et	
  al.,	
  IPAC10,	
  and	
  HB2010	




BBA	
  at	
  RCS	


RCS　54	
  BPM	
  
	
  
7	
  QM	
  families	
  (60	
  QMs)	


BBA	
  with	
  QM	
  families	


N.	
  Hayashi	
  et	
  al.,	
  NIM	
  A677	
  (2012)	
  94-­‐106	


σ	
  ∼	
  500µm	


BPM	
  itself:	
  
	
  σ	
  ~	
  20	
  µm 	
  (averaged)	
  
	
  σ	
  ~	
  300	
  µm 	
  (turn-­‐by-­‐turn)	




MR	
  	
  	
  	
  	
  	
  
	
  186	
  BPMs	
  
11	
  QM	
  families	
  (216	
  QMs)	


Comparison	
  of	
  BBA	
  	
  
with	
  one	
  QM	
  	
  
	
  	
  	
  	
  	
  and	
  	
  
with	
  QM	
  families	


σ	
  ∼	
  100µm	


BBA	
  at	
  MR	


N.	
  Hayashi	
  et	
  al.,	
  IPAC10,	
  and	
  HB2010	




Beam-­‐based	
  gain	
  calibra.on	

Gain	
  of	
  4	
  pickups	
  are	
  	
  
calibrated	
  with	
  the	
  beam.	


Vi, j = gi !qj !Fi(x j, yj )
gi :  gain
qj :  charge of j-th measurement
x j, yj :  beam position of j-th measurement 
Number of pickups: i =1, 2,3, 4
Number of measurements: j =1,  . . . , m

If	
  the	
  number	
  of	
  unknown	
  parameters	
  <	
  total	
  number	
  of	
  data	
  	
  
	
  3	
  +	
  3	
  m	
  <	
  4	
  m	
  

we	
  can	
  solve	
  the	
  equaRon	
  
Successfully	
  applied	
  to	
  the	
  KEKB	
  BPMs	




K.	
  Sato,	
  M.Tejima,	
  Proc.	
  of	
  PAC1995,	
  p.2482	
  
M.	
  Arinaga	
  et	
  al.,	
  Prog.	
  Theor.	
  Exp.	
  Phys.	
  2013,	
  03A007	


Before	
  
	
  the	
  gain	
  calibraRon	
  

Auer	
  
	
  the	
  gain	
  calibraRon	
  

Improvement	
  of	
  "consistency"	
 @	
  KEKB	


"consistency"	
  =	
  root-­‐mean-­‐squares	
  of	
  the	
  four	
  beam	
  posiRons	




Gain	
  calibra.on	
  of	
  the	
  diagonal-­‐cut	
  BPM	
  

J-­‐PARC	
  Ring	
  BPM:	
  	
  
• 	
  Good	
  linear	
  response	
  

Diagonal	
  cut	
  type	
  

y = 0.0131 x - 0.0023

R
2
 = 1.0000
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Signal from the electrodes: 
 Lk=   λk  (1+xk/a) 
 Rk=λkgR (1-xk/a)  
 Uk=λkgU (1+yk/a) 
 Dk=λkgD (1-yk/a) 

 λk, xk, yk (k=1,2, ‥ ‥, n) 
 gR , gU , gD   

Simplified as follows: 
Lk+Rk/gR−Uk/gU−Dk/gD = 0 
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Problem is to solve 3 gks:	


M.Tejima	
  et	
  al.,	
  IBIC2011	


Test	
  was	
  done	
  	
  
with	
  this	
  algorism	




Opera.onal	
  aspect	
  of	
  the	
  instruments	
  
	
  

Profile,	
  tail	
  and	
  halo	
  measurements	
  



Vibration wire monitor


The principle of the VWM is to pick up its temperature rising-induced 
frequency shift by irradiating vibration wire with a beam. 	


Futures of VWM

•  We assume that the VWM potential dynamic range of 10-5 will be achieved.

•  The VWM is insusceptible secondary electrons


In last year, the VWM was installed in L3BT to demonstrate the feasibility of 
the beam halo measurement. 	


S.	
  G.	
  Arutunian,	
  et.	
  al.,	
  PRST-­‐AB,	
  2,	
  122801	
  (1999)	
  	
  
Begoz	
  instrumentaRon	
  	


L3BT	
 RCS	
 MR	


MOPME028	
  	
  Kota	
  Okabe	
  et	
  al.	




posi.on	
  :	
  +1.3mm(from	
  beam	
  center)	

beam	
  on	
 beam	
  off	


posi.on	
  :	
  -­‐6.7mm(from	
  beam	
  center)	

beam	
  on	
 beam	
  off	


Frequency shift with beam irradiation 	


•  The natural frequency of the VWM without beam irradiation was about 1943 Hz.


•  The proton beam hit the wire only in a period between 0 sec and 247 sec. 


•  A frequency decrement of about 53.13 Hz (0.25 Hz) was measured at 1.3mm 

(-6.7mm) of distance from beam center.


•  A length of time before temperature equilibrium is about 120 sec. 	


f	
  [
Hz

]	


f	
  [
Hz

]	


t	
 t	




Beam profile measurement of the VWM	


Reference!

Integrated signals of the BLM	


Beam profile measurements by the VWM	


•  The solid line represents the profile of the beam approximated by the 
mean square method of a gaussian function with a standard deviation of 
σx = 1.498 mm. 





•  The beam profile measured by the VWM is almost consistent with the 
MWPM measurements (σx = 1.442 mm) and integrated BLM signals. 




OTR	
  and	
  fluorescence	
  monitor	
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High	
  Power	
  Beam	
  trial:	
  	
  
Intensity	
  4.2x1013	
  p	
  /	
  2bunches	


σΗ	
  =	
  13.12	
  mm	

σV	
  =	
  8.53	
  mm	


Offner	
  	
  
relay	
  	
  
system	


OTR	


RCS	


MR	
350BT	


M.	
  Tejima,	
  Y.	
  Hashimoto,	
  T.	
  Mitsuhashi,	
  et	
  al.	
  IBIC2012	


3GeV	
  (γ=4.2)	




Targets:	
  	
  
-­‐	
  (1)	
  Ti	
  foil	
  10µm	
  thick	
  
-­‐	
  (2)	
  Al	
  foil	
  100µm	
  thick	
  with	
  a	
  hole	
  50mm	
  diameter,	
  
-­‐	
  (3)	
  fluorescence	
  screen	
  Al2O3+Cr	
  500µm	
  thick	


80mm	


Tail,	
  Halo	
  
Measurement	
  
with	
  fluorescence	
  
screen	
  
just	
  started	


(1)	
 (2)	
 (3)	


Fluorescence	
  screen	


80	
  mm 
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RCS	
 MR	


Flying	
  wire	
  profile	
  monitor	

Carbon	
  wire,	
  7	
  µm	
  diameter	
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•  89:,;<*===*18*>3&?@*$&A,?6"&7**
•  B)C$&D*E$#,*-,(03#,-,&'0*('*F;G;H*-0*(&4*F;G;8H*-09*
•  5IJK*0$-3)(6"&*L$'@*$&$6()*4$0'#$>36"&*"M*;NO*---#(4**"M*!"#$%"&'()*8P*
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RCS	
 MR	


The	
  carbon	
  wire	
  was	
  broken	
  	
  
during	
  measurement	
  of	
  the	
  beam	
  
＠4.4x1013	
  ppp/2	
  bunches.	
  
	
  
the	
  reason	
  &	
  remedy:	
  under	
  invesRgaRon	


Flying	
  wire	
  profile	
  monitor	

Carbon	
  wire,	
  7	
  µm	
  diameter	




IPMs	
  (Ioniza.on	
  Profile	
  Monitors)	


RCS	


MR	


	
  K.	
  Satoh	
  et	
  al.	


Electron	
  collecRon	
  with	
  magnet	
  is	
  foreseen.	
  

InjecRon	
  matching	
  (	
  ion	
  collecRon	
  mode	
  )	


MOPME021	
  H.	
  Harada	
  et	
  al.,	
  
IonizaRon	
  Profile	
  Monitor	
  (IPM)	
  of	
  J-­‐PARC	
  3-­‐GeV	
  RCS	


Electron	
  collecRon	
  for	
  high	
  intensity	
  beams	
  
E-­‐field	
  uniformity	
  improved	




Ion	
  collecRon	
  mode	


Electron	
  collecRon	
  mode	


Improved	
  IPM	
  @RCS	

CalibraRon	
  with	
  the	
  beam	
  shiued	
  in	
  Δp/p	
  
Dispersion	
  @IPM	
  ηx	
  =	
  4.054m	


!f/f (!p/p)

time[ms]
2 100

An	
  example	
  of	
  the	
  data	
  (ion	
  collecRon	
  mode)	


Beam	
  center	
  (Gaussian	
  fit)	


Ion	
  collecRon	
  mode	


Electron	
  collecRon	
  mode	


Comparison	
  to	
  the	
  expected	
  value	


Ra.o	
  =	
  0.934	


Ra.o	
  =	
  1.116	


MOPME021	
  H.	
  Harada	
  et	
  al.,	
  IonizaRon	
  Profile	
  Monitor	
  (IPM)	
  of	
  J-­‐PARC	
  3-­‐GeV	
  RCS	


Δp/p = -0.6%	
 Δp/p = 0.6%	




Opera.onal	
  aspect	
  of	
  the	
  instruments	
  
	
  
	
  
Stripline	
  kicker,	
  "Exciters"	
  

	
   	
   	
  for	
  slow	
  extrac.on	
  



Exciter2	


Exciter1	


MR	
  slow	
  extrac.on	
  @MR	
  

Transverse	
  BXB	
  feedback	
  (H	
  &	
  V)	
  
	
  Intra-­‐bunch	
  feedback	
  (O.	
  A.	
  KonstanRnova	
  et	
  al.)	
  	
  

Transverse	
  BXB	
  feedback	
  (Hor.)	
  
"StochasRc	
  slow	
  extracRon"	


Third-­‐integer	
  resonance	
  
3	
  νx	
  =	
  67	


x-­‐x'	
  phase	
  space	


2.97s	


1.01s	
1.85s	


MR	
  machine-­‐cycle	


M.Tomizawa	
  et	
  al.	




Improvement	
  of	
  the	
  spill	
  duty	
  factor	


•  Beam	
  spill	
  is	
  deteriorated	
  by	
  the	
  quadrupoles	
  and	
  bends	
  field	
  
ripple,	
  which	
  cause	
  tune	
  ripple.	
  	
  

•  Evalua;on:	
  duty	
  factor	
  

•  Remedies	
  
–  Transverse	
  RF	
  ("Stochas;c	
  slow	
  extrac;on")	
  
–  Feedback	
  control	
  with	
  "EQ"	
  and	
  "RQ"	
  
–  AUX-­‐coil	
  short-­‐circuited	
  during	
  the	
  flat	
  top	
  	
  

	
   	
  =	
  the	
  ripple	
  current	
  is	
  bypassed	
  to	
  the	
  AUX	
  coil	
  
–  Power	
  supply	
  improvement	
  

D =

I(t)dt
T1

T2

!
"

#
$
$

%

&
'
'

2

T2 (T1( ) I(t)2 dt
T1

T2

!
D	
  =	
  1	
  for	
  I(t)	
  =	
  constant	
  	




Larger	
  dNB/dt	
  at	
  local	
  area	
  in	
  phase	
  space	
  
→	
  	
  beter	
  duty	
  factor	
  and	
  GOOD	
  spill	
  length	
  
Original	
  idea	
  by	
  Van	
  der	
  Meer,	
  longitudinal	
  direcRon	
  

	
  CERN-­‐PS-­‐AA-­‐78-­‐6	
  1978,	
  .	
  .	
  .	
  ,	
  @	
  CERN,	
  Jülich,	
  .	
  .	
  .	
  	
  
→	
  	
  Transverse	
  direcRon:	
  @	
  NIRS,	
  J-­‐PARC	
  MR,	
  .	
  .	
  .	
  	


Diffusion:	
  	
  small	
  local	
  density,	
  	
  
	
   	
  	
  high	
  mean	
  parRcle	
  flux	


ν	
  sweep	
  +	
  stochas.c	
  slow	
  extrac.on	




Transverse	
  kick	
  by	
  the	
  EXCITER2	

Stripline	
  kicker	
  
length	
  ~	
  0.75	
  m	
  

f	
  =	
  100k	
  -­‐	
  100	
  MHz,	
  P	
  =	
  3	
  kW	
  	


Signal	
  
Generator	
  

Hybrid	
  
0-­‐180	
   RF	
  

power	
  
amplifier	
  

Beam	
  

100k-­‐100MHz,	
  3kW	
  

100k-­‐100MHz,	
  3kW	
  

Hor.	
  

39D	
  /	
  ~1.3dB	
  	


39D	
  /	
  ~1.3dB	
  	


Atenuator	
  RealRme	
  
Spectrum	
  
	
  Analyzer	
  

20D	
  /	
  ~2.2dB	
  	


20D	
  /	
  ~2.2dB	
  	


D3	
  power-­‐supply	
  building	


Cable	
  length	
  
matched	
  to	
  
fc	
  ~	
  47M	
  or	
  95	
  MHz	




IQ	
  modulaRon	


I(t) = A(t)cos!(t)
Q(t) = A(t)sin!(t)

cos(2! fCt)

Q(t)

I(t)

!sin(2! fCt)

×	


×	


＋	

I(t)cos(2! fCt)!Q(t)sin(2! fCt)
= A(t)cos(2! fCt +"(t))

ModulaRon	
  	
  	
  
in	
  amplitude,	
  A,	
  and	
  phase,	
  φ.	


Genera.on	
  of	
  "transverse	
  RF"	


fc	
  ~	
  47M	
  or	
  95MHz	


Narrowband	
  Noise	
  signals	
  	
  
with	
  minimized	
  amplitude	
  variaRon	
  
in	
  Rme	
  domain	




IQ	
  modula.on	


"Baseband"	


Up	
  conversion	
 ~	
  47M	
  or	
  95MHz	

Ae j! Ae j!e j"Ct!e j!Ct

A.	
  Schnase	
  et	
  al.	
  LLRF	
  2011	


Narrowband	
  	
  
Noise	
  signals	
  	
  
with	
  minimized	
  	
  
amplitude	
  variaRon	




Suppression	
  of	
  the	
  mul.pac.ng	

Solenoid	
  windings	


CoaRng	
  is	
  not	
  sufficient.	
  	
  
Field	
  of	
  ~	
  30	
  G	
  is	
  introduced	
  to	
  suppress	
  	
  
the	
  mulRpacRng	
  (vacuum	
  pressure	
  rise).	


CoaRng	
  of	
  the	
  electrodes	


SUS	


TiN	
  
coated	
  
~t1µm	


DLC	
  
coated	
  
~t1µm	
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Pressure	
  rise	
  vs	
  f	
  &	
  VRF	
  	


10-­‐6	
 2x10-­‐4	
  Pa	


Beam	


Two	
  exciters	
  
solenoids:	
  reverse	
  polarity	


B	
  field	
 B	
  field	




fc	
  =	
  95.0730MHz	
  
0.0-­‐1.2s	
  	
  edge	
  -­‐0.8KHz	
  	
  width	
  0.2KHz	
  	
  P=3dBm	
  
1.2-­‐2.4s	
  	
  edge	
  -­‐0.2KHz	
  	
  width	
  0.2KHz	
  	
  P=3dBm	


Spill	
  duty	
  improvement	
  @	
  15	
  kW	
  beam	
  

T.	
  Simogawa,	
  M.	
  Tomizawa	
  et	
  al.	


Duty	
  :	
  ~	
  17	
  %	
  	
  	
  (wo	
  tr.-­‐RF)	
  
	
  	
   46	
  %	
  	
  (w	
  tr.-­‐RF)	




Op.miza.on	


•  duty	
  :	
  ~45	
  %	
  
•  Ext.	
  efficiency	
  :	
  99.54	
  %	
  

※error : 5-shot's σ	


Center frequency 	


[0 = 47.471937 MHz]	

 Bandwidth	


width : 0.2 kHz	

 edge : -0.2 kHz	



Center frequency	


Bandwidth	




•  Beam	
  intensiRes	
  and	
  losses	
  are	
  invesRgated	
  in	
  the	
  order	
  of	
  	
  
	
   	
   	
  0.1	
  %	
  or	
  less	
  
	
   	
  in	
  the	
  machine	
  commissioning,	
  studies	
  and	
  operaRon.	
  

	
  
•  BPMs	
  have	
  been	
  calibrated	
  with	
  the	
  beam	
  

	
   	
  RCS	
  all	
  54	
  BPMs,	
  
	
   	
  MR 	
   	
  15	
  for	
  H,	
  3	
  for	
  V	
  /	
  186	
  BPMs.	
  
	
   	
  with	
  the	
  uncertainRes	
  of	
  100µm	
  –	
  500µm.	
  

	
  
•  Measurements	
  of	
  	
  

	
   	
  high	
  intensity	
  beam	
  profiles;	
  	
  Flying	
  wire,	
  IPM,	
  OTR	
  
	
   	
  high	
  intensity	
  beam	
  tail	
  and	
  halo;	
  collimator	
  &	
  BLM,	
  VWM,	
  OTR/Fluorescence	
  	
  
	
   	
  are	
  ongoing.	
  	
  

	
  
•  "Exciters"	
  have	
  been	
  successfully	
  applied	
  to	
  

	
   	
  Bunch	
  by	
  bunch	
  feedback	
  (transverse)	
  
	
   	
  Transverse	
  RF	
  to	
  miRgate	
  the	
  spill	
  ripple	
  in	
  slow	
  extracRon	


Summary	
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