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ASTA	  LLRF	  Overview	  
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NML RF Station – LLRF system
Last Modified: 3/18/2010 2:11 PM AD/RF/LLRF
Location: Y:\Projects\LLRF\Systems\NML\System\Block Diagrams and Schematics\NML Block Diagrams (Simple)\NML - RF station CM1 and 2.vsd
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LLRF	  Performance	  Strategies	  
for	  High	  Stability	  Beam	  

•  Wideband	  (150kHz-‐250kHz)	  Propor?onal-‐Integral	  
feedback	  
–  7/9	  and	  8/9	  pi	  notch	  filters	  
–  Highly	  linear	  and	  low	  noise	  receivers	  	  

•  Beam	  loading	  compensa?on	  
– Manual	  and	  learning	  feed-‐forward	  	  

•  Aggressive	  resonance	  control	  
•  High	  stability	  reference	  line	  
•  Future	  gains	  will	  be	  from	  beam-‐based	  FB	  
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NML	  CM1	  LLRF	  Racks	  

VXI	  CPU	  &	  
3	  R3MFC	  Controllers	  

Master	  Oscillator	  

Receivers	  and	  Up-‐converters	  

Power	  Supplies	  
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Mul?-‐channel	  Field	  Controller	  (MFC)	  

8	  Ch	  ADCs	  

AD	  9010	  Clk	  

DSP	  

FPGA	  

8	  Ch	  ADCs	  
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33	  Channel	  Controller	  (MFC)	  
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CRYOMODULE LLRF Digital Controller Processing Block
Y:\Projects\LLRF\Systems\NML\Software\Firmware_Docs\CM_LLRF_DigController.vsd
Last Edited: 8/2/2011   P. Varghese
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FPGA	  Signal	  Processing	  



0.025	  deg	  

20	  F	  

9	  
B.	  Chase	  	  	  	  SRF	  2011	  



Receiver	  Chain	  Stability	  Measurement	  vs	  Building	  Temperature	  

Blue	  –	  Building	  Temperature	  
	  
	  
Yellow	  –	  CH	  6	  Rev	  phase	  

6	  week	  test	  period	  
	  
Approximate	  phase	  varia?on	  =	  
	  0.03	  degrees	  /	  1	  degree	  F	  



Receiver	  noise	  

	  	  0.07	  %	  	  	  p2p	  
	  0.009	  %	  	  	  RMS	  

Amplitude	   Phase	  

average	   average	  

5	  minute	  data	   5	  minute	  data	  

	  	  0.04	  deg	  	  	  p2p	  
0.005	  deg	  	  	  RMS	  

Cavity	  signal	  

Receiver	  

PSD	  of	  Fla*op	  Waveforms	  
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Controller	  performance	  

5	  minutes	  data	  	  

average	  

±	  0.05%	  	  	  2Pk	  

NOTE:	  	  ini?al	  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	  
36	  fs	  RMS	  

KP	  =	  128	  
KI	  =	  2e6	  

KP	  =	  30	  
KI	  =	  0	  

average	  
5	  minutes	  data	  	  
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Perturba?on	  analysis	  

CM1	  –	  cavity	  3	  

Impact	  of	  Kp	   Impact	  of	  Ki	  

Ki	  =	  0	   Kp	  =	  128	  

~	  5	  MV	  disturbance	  

Feedforward	  will	  reduce	  
Error	  by	  an	  addi?onal	  20dB	  



LFD	  compensa?on	  at	  
MDB	  FNAL	  

Piezo OFF 

Piezo ON 

LFD during 1,3ms RF-pulse (Fill+FlatTop) was ~2300Hz 
LS LFD compensation  -- to less than 20Hz during 1,3ms pulse 

Eacc=35MV/m 
Open loop operation 

Piezo OFF 

Piezo ON 

14	  

W.	  Schappert,	  Y.	  Pischalnikov	  



First	  Gun	  Regula?on	  Measurements	  
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Data	  resolu?on	  is	  too	  course	  	  
to	  calculate	  RMS	  values	  



LLRF	  Status	  
•  Good	  opera?onal	  experience	  with	  CM1	  	  

–  MFC	  controller	  with	  8	  cavity	  vector	  sum	  
–  Resonance	  control	  of	  Lorentz	  Force	  Detuning	  

•  Good	  opera?onal	  experience	  with	  CC2	  
–  ESECON	  controller	  

•  Opera?on	  of	  the	  gun	  in	  the	  last	  week	  (short	  pulse)	  
–  ESECON	  controller	  
–  Resonance	  control	  with	  water	  loops	  is	  progressing	  

•  RF	  calibra?on	  chain	  of	  power	  couplers,	  cables	  	  and	  LLRF	  
systems	  

•  RF	  reference	  line	  is	  installed	  with	  stability	  tests	  in	  progress	  
•  RF	  field	  control	  is	  in	  good	  shape	  –	  wai?ng	  for	  beam…	  
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Towards	  lower	  jioer	  beam	  

Julien Branlard |  Beam Based Feedback at FLASH  |  Sept. 27th 2012  |  Page 23

Intra train Beam based feedback

> Out of loop measurement 
at 18ACC7
 User arrival time monitor
 Influence on regulation 

performance of ACC23
 Arrival time jitter can be reduced 

below 20fs (about x4)

> Cascaded feedback loop:
 reduce latency 

 Increase regulation 
bandwidth

Courtesy: S. Pfeiffer

SOURCE: 
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Develop	  intra	  train	  beam-‐based	  
feedback	  using:	  
•	  BAM	  (Beam	  Arrival-‐?me	  Mon.)	  
•BCM	  (Beam	  Compression	  Mon.)	  
	  
Error	  signals	  are	  applied	  	  to	  the	  
laser	  and	  cavity	  RF	  vectors.	  
	  	  



Co lo rado 	   S ta te 	  Un i ve r s i t y 	  

E L E C T R I C A L   &   C O M P U T E R   E N G I N E E R I N G  

Interest	  from	  Colorado	  State	  University	  

"   Interest	  in	  applying	  neural	  network	  based	  techniques	  to	  accelerator	  control	  
systems	  and	  mul?-‐objec?ve	  parameter	  op?miza?on	  
"   adept	  at	  black	  box	  and	  gray	  box	  modeling	  
"   incorpora9on	  of	  adap9ve	  components	  will	  enable	  adjustments	  to	  slow	  changes	  in	  machine	  

characteris9cs	  to	  be	  made	  automa9cally	  
"   can	  be	  combined	  with	  exis9ng	  control	  systems	  and	  analy9c	  models	  for	  added	  robustness	  

"   Have	  iden?fied	  some	  possible	  focus	  areas	  at	  ASTA	  
"   Adap?ve	  field	  and	  resonance	  control	  of	  the	  copper	  gun	  
"   Adap?ve	  resonance	  control	  of	  the	  superconduc?ng	  RF	  cavi?es	  
"   Superconduc?ng	  RF	  cavity	  field	  control	  
"   Self-‐calibra?on	  and	  control	  of	  ?ming	  drir	  

"   Efficient	  global	  system	  start	  up,	  mode	  control,	  and	  excep?on	  handling	  

"   Because	  of	  its	  unprecedented	  beam	  parameters	  at	  the	  energy/intensity	  fron9ers	  
and	  use	  of	  SCRF	  technology,	  ASTA	  would	  be	  an	  extremely	  valuable	  test	  bed	  for	  the	  
development	  of	  novel	  accelerator	  control	  schemes	   18 


