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β=0.11 β=0.22 β=0.4 β=0.61 β=0.9 

325 MHz 
2.5-160 MeV 

β=1.0 

1.3 GHz 
3-8 GeV 

650 MHz 
0.16-3 GeV 

Sec$on	
   Freq,	
  
MHz	
  

Energy,	
  
MeV	
  

Cav/CM	
   Max	
  gain	
  per	
  
	
  cavity	
  (MeV)	
  

RF	
  PA	
  power	
  with	
  
overhead	
  (kW)	
  

RFQ 162.5	
   2.5	
   1	
   2.5	
   100	
  to	
  150	
  

SSR0	
  (βG	
  =0.11)	
   325	
   2.5-­‐10	
   18/1	
   0.844	
   1.2	
  to	
  1.5	
  

SSR1(βG	
  =0.20)	
   325	
   10-­‐42	
   20/2	
   2.04	
   2.9	
  to	
  3.3	
  

SSR2(βG	
  =0.40)	
   325	
   42-­‐159	
   40/4	
   3.32	
   4.5	
  to	
  5.5	
  

LB	
  650(βG=0.61)	
  	
   650	
   159-­‐457	
   36/6	
   11.6	
   15.5	
  to	
  25	
  

HB	
  650(βG=0.90)	
  	
   650	
   457-­‐3000	
   160/20	
   17.7	
   23	
  to	
  27	
  

Pulsed	
  1.3(βG=1) 	
   1300	
   3000-­‐8000	
   224/28	
   25	
   40/640	
  to	
  50/800	
  

PA power 
is topic for  
discussion 
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5 minutes data  

average 

± 0.05%   2Pk 

NOTE:  initial transient would be 
damped by actual beam loading 

RMS = 0.015 
% 

KP = 128 
KI = 2e6 

KP = 30 
KI = 0 

± 0.06 deg   2Pk 
0.017 deg   
RMS 

KP = 128 
KI = 2e6 

KP = 30 
KI = 0 

average 
5 minutes data  
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Slow fill 
 Long pulse 
Phase track 

on 
1mA 
4 ms fill 
13 ms flattop 
Phase tracking on 
Ql = 1e7 
32kW 

Phase trajectory 
programming with a slow 
fill allows cavity to detune 
without ringing 
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A little bit more realistic simulations 

•  1st RF station is DESY-FLASH 
ACC6-7 

•  All other 12 RF stations have 2 low 
gradient cavities at 18MV and 14 
cavities at 26MV. 

•  LFD: ~ 60 Hz at 25 MV. 
•  µ-phonics: ±5Hz uniformly distributed. 
•  Beam errors: 

•  Bunch to bunch Ib jitter: 3%. 
•  Bunch to bunch Energy jitter: 

250KeV. 
•  Bunch to bunch time jitter: 1ps. 
•  Ib is 3% lower at the end of a 4.2 

ms flattop. (cosine function). 
•  Coupler error: 10% uniformly 

distributed. 

Open loop 

















Rough Comparison of RF Distribution Schemes for 
Pulsed Linac (50 kW/cavity) 

Amp:Cavity  N:1 1:1 1:N (VM) 1:N 

Amplifier 
$240,000 $50,000 $37,500 $37,500 

(Solid-state)  (Klystron)  (Klystron)  (Klystron)  
Power Supply, 

Modulator, 
Control 

integrated  $70,000 $62,500 $62,500 

Waveguide, 
Splitter/
Combiner 

$20,000 $10,000 $10,000 $10,000 

Circulator integrated  $20,000 $5,000 $5,000 
Vector modulator, 

Phase shifter $0 $0 $20,000 $20,000 

Transmitter  $30,000 $50,000 $30,000 $30,000 
LLRF $10,000 $10,000 $6,250 $6,250 
Water utilities $10,000 $20,000 $15,000 $10,000 
RF Cost / Cavity  $310,000 $230,000 $186,250 $181,250 
Opera$on	
  Power 120% 100% 130% 105% 







•  With staging of the project the focus is shifted to the CW Linac 
•   95% of the RF power in the CW linac is at 650 MHz.  Therefore this should 

be the primary focus for both cavity and RF development 
•  Mod anode klystrons could provide dynamic range and efficiency and 

compete with IOTs 
–  Better lifetime 

•  Benefits of solid state  power amplifiers: 
–  Possible reliability improvement 
–  Low voltage operation is much safer for maintenance 
–  Cost is becoming competitive  

•  The interplay between cavity design, resonance control, RF power 
technology, power overhead, gradient level, cryogenic loads and beam 
current peak and average is complex and deserves careful study.  The 650 
MHz section is the logical starting point as it has the highest cost sensitivity. 



•  Minimizing cavity df/dp for 650 MHz and LFD coefficient  
for 1300 MHz will reduce RF costs and improve machine 
reliability 

•  Solid state is a strong contender for both 325 and 650 
MHz systems and should be pursued   
–  SS may be an option for the 162.5 MHz RFQ PA 

•  In the pulsed linac, low gradient cavities will cause 
gradient tilts. Tuning errors will cause large phase errors 
with long pulses 
–  Inline phase shifter scheme could correct these errors 


