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Outlook	  

•  CTF3:	  the	  CLIC	  Test	  Facility	  at	  CERN.	  
•  Steering	  necessiMes.	  
•  A	  general	  feedback	  algorithm	  and	  its	  
implementaMon.	  
– Preliminary	  results	  and	  issues.	  

•  Work	  in	  progress:	  new	  tools.	  
– Dispersion	  measurement	  from	  JiSer.	  
– “JiSer	  free	  steering.”	  

•  Summary.	  



CTF3:	  the	  CLIC	  Test	  Facility	  at	  CERN.	  

FACTOR	  2	  
RECOMBINATION	  

DRIVE	  BEAM	  
GUN	  

FACTOR	  4	  
RECOMBINATION	  

PROBE	  BEAM	  
PHOTO-‐INJECTOR	  

TWO	  BEAM	  TEST	  
STAND	  (TBTS)	  

DOGLEG	  
EXPERIMENT	  

DECELERATION	  TEST	  
BEAM	  LINE	  (TBL)	  

PHOTO	  INJECTOR	  
TESTS	  

XBOX	  	  
EXPERIMENT	  

CR	  
84	  [m]	  

DL	  
42	  [m]	  Building	  2001	  

Building	  2013	   Building	  2010	  

Building	  2003	  

CLEX	  area	  



Steering	  necessiMes	  



Steering	  necessiMes.	  
•  For	  machine	  operaMon	  and	  opMmizaMon	  we	  need	  a	  general	  tool	  to	  control	  

the	  orbit	  of	  the	  beam.	  
•  It	  has	  to	  deal	  with	  some	  intrinsic	  limitaMons	  

•  Data	  acquisiMon	  is	  affected	  by	  noise	  
–  White	  noise	  
–  Not	  null	  dispersion	  and	  energy	  jiSer	  

•  Non	  responsive	  control	  system	  
–  Delicate	  FRONT-‐ENDS	  

•  Instable	  beam	  (mainly	  coming	  from	  RF	  instabiliMes)	  
•  BEAM	  POSITION	  may	  not	  be	  a	  well	  defined	  measurement	  in	  case	  of	  losses	  
•  Challenging	  machine	  	  

–  MADX	  model	  not	  always	  accurate	  
–  Aperture	  limitaMons	  

•  Algorithm	  to	  measure	  the	  response	  matrix	  needed	  
•  Has	  to	  be	  “fast”	  compared	  to	  machine	  faults	  and	  dri`s	  
•  Has	  to	  be	  able	  to	  follow	  slow	  dri`s	  of	  the	  machine	  

	  
	  



Steering	  necessiMes.	  
•  Special	  case:	  during	  recombinaMon,	  different	  secMon	  of	  the	  iniMal	  train	  take	  

different	  paths.	  

ONLY	  ONE	  SECTION	  OVER	  
TWO	  IS	  DELAYED	  INTO	  THE	  

DELAY	  LOOP	  

THEY	  DON’T	  NECESSARILY	  
COME	  BACK	  ON	  THE	  SAME	  

TRAJECTORY.	  

INITIALLY	  WE	  ONLY	  HAVE	  A	  
LONG	  TRAIN	  “DIVIDED”	  INTO	  8	  
SECTIONS,	  EACH	  140	  NS	  LONG	  

PROJECTED	  EMITTANCE	  
BLOW-‐UP.	  

INCREASED	  LOSSES.	   IN	  THE	  COMBINER	  RING	  ALL	  THE	  
8	  SECTIONS	  CAN	  END	  UP	  IN	  
HAVING	  DIFFERENT	  ORBITS	  	  



Steering	  necessiMes.	  
•  First	  stage:	  match	  orbits	  of	  delayed	  and	  not-‐delayed	  trains.	  

USE	  CORRECTORS	  
IN	  DELAY	  LOOP	  

FORCE	  THE	  SAME	  ORBIT	  IN	  THE	  
NEXT	  TRANSFER	  LINE	  (TL1)	  

•  In	  principle	  only	  two	  correctors	  with	  the	  right	  phase	  advance	  are	  needed.	  
–  Aperture	  limitaMons	  may	  impose	  to	  use	  more	  correctors.	  



The	  feedback	  algorithm	  	  



The	  algorithm	  

•  Solving	  a	  linear	  system	  of	  equaMons	  
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The	  algorithm	  

SVD	  

SynchronizaMon	  



The	  algorithm	  

•  Measure	  the	  response	  matrix	  based	  on	  a	  simple	  concept:	  
1.  Randomly	  excite	  all	  the	  correctors	  
2.  Read	  the	  Beam	  PosiMon	  at	  all	  the	  interested	  points	  
3.  Invert	  the	  same	  linear	  system	  of	  equaMons,	  but	  the	  Response	  Matrix	  

is	  now	  the	  unknown:	  
	  
	  
	  
	  
	  

4.  Keep	  a	  history	  of	  last	  se[ng/observa*ons	  pairs	  of	  variable	  length	  
	  
	  
	  
	  
	  

5.  Also	  during	  beam	  correc*ons	  outcome	  data	  can	  be	  used	  to	  improve	  
Response	  Matrix.	  



•  N	  correctors	  =	  8	  
•  N	  BPMs	  =	  12	  

•  correctors	  excitaMon	  σ	  =	  1[A]	  	  
•  correctors	  noise	  σ	  =	  0.01[A]	  
•  BPMs	  noise	  σ	  =	  0.1[mm]	  	  

•  dispersion	  induced	  jiSer	  σ	  =	  1	  [mm]	  
•  number	  of	  iteraMons:	  100	  

•  history	  size:	  n	  =	  30.	  

2 4 6 8 10 12
−3

−2

−1

0

1

2

3

BPM [#]

R
ea

l r
es

po
ns

e 
[m

m
/A

]

2 4 6 8 10 12
−3

−2

−1

0

1

2

3

BPM [#]

C
om

pu
te

d 
re

sp
on

se
 [m

m
/A

]

2 4 6 8 10 12
−0.3

−0.2

−0.1

0

0.1

0.2

0.3

BPM [#]

b(
re

sp
on

se
) [

m
m

/A
]

Real	  response	  matrix	   Computed	  response	  matrix	  

Computed	  –	  Real	  	  
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The	  algorithm:	  implementaMon	  and	  test	  
•  Developed	  a	  Matlab	  applicaMon	  for	  generic	  linear	  feedbacks.	  



The	  algorithm:	  implementaMon	  and	  test	  
•  Example	  of	  correcMon	  of	  beginning	  orbit	  of	  the	  linac.	  



The	  algorithm:	  implementaMon	  and	  test	  
•  Example	  of	  use	  to	  control	  end	  of	  linac	  orbit:	  
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The	  algorithm:	  implementaMon	  and	  test	  
•  Example	  of	  use	  to	  control	  end	  of	  linac	  orbit:	  
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The	  algorithm:	  implementaMon	  and	  test	  
•  Example	  of	  use	  to	  control	  end	  of	  linac	  orbit:	  
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The	  algorithm:	  implementaMon	  and	  test	  
•  Example	  of	  use	  to	  control	  end	  of	  linac	  orbit:	  
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Preliminary	  results	  
•  Back	  to	  the	  main	  goal:	  

–  	  use	  the	  tool	  to	  match	  “delayed”	  and	  “straight”	  orbits	  in	  TL1.	  

USE	  CORRECTORS	  
IN	  DELAY	  LOOP	  

FORCE	  THE	  SAME	  ORBIT	  IN	  THE	  
NEXT	  TRANSFER	  LINE	  (TL1)	  



Preliminary	  results	  
“Orbit	  matching”	  in	  TL1	  
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Preliminary	  results	  
•  A	  first	  issue:	  straight	  and	  delayed	  beam	  have	  different	  energy	  

0 140 280 420 560 700 840 980 1120
−20

−15

−10

−5

0

5

time [ns]

x 
[m

m
]

 

 
BPM 0608 − TL1

From	  a	  rough	  esMmaMon,	  this	  offset	  is	  related	  to	  a	  
Δp/p	  =	  -‐0.03	  of	  the	  delayed	  beam.	  

Note:	  the	  injector	  was	  not	  properly	  opMmized.	  These	  results	  were	  not	  
obtained	  in	  normal	  condiMon	  of	  operaMon.	  



Work	  in	  progress	  



Interlude:	  beam	  jiSer	  induced	  by	  energy	  jiSer	  

•  We	  are	  affected	  by	  a	  natural	  jiSer	  of	  
the	  energy.	  

•  Beam	  energy	  along	  the	  pulse	  is	  also	  
not	  always	  flat.	  

•  Thanks	  to	  generality	  of	  our	  feedback	  
tool	  we	  can	  use	  it	  to	  shape	  the	  RF	  
power	  of	  last	  linac	  structure	  to	  try	  to	  
compensate	  the	  second	  effect.	  
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•  A`er	  summer	  shutdown:	  looking	  at	  energy	  jiSer	  markup	  in	  beam	  posiMon	  
in	  dispersive	  region.	  	  

Note:	  3Ghz	  beam	  for	  factor	  4	  recombinaMon,	  	  
i.e.	  different	  setup	  respect	  to	  previous	  slide!	  



Dispersion	  measurement	  from	  JiSer	  
•  Developed	  an	  applicaMon	  to	  passively	  measure	  dispersion	  by	  beam	  jiSer.	  



JiSer	  free	  steering	  
•  The	  first	  area	  where	  we	  have	  dispersion	  is	  at	  the	  end	  of	  Drive	  Beam	  linac,	  

where	  a	  chicane	  is	  installed.	  	  

NOMINALLY	  
DISPERSION	  FREE	  

NOMINALLY	  	  
NON	  ZERO	  DISPERSION	  
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JiSer	  free	  steering	  
•  Using	  the	  same	  feedback	  applicaMon	  and	  measuring	  dispersion	  as	  jiSer.	  
•  Change	  correctors	  inside	  chicane	  to	  reduce	  jiSer	  (i.e.	  dispersion)	  downstream.	  
•  Acquiring	  30	  beam	  pulses	  for	  each	  iteraMon.	  
•  Main	  disadvantage:	  RM	  measurement	  and	  correcMon	  takes	  longer	  Mme.	  
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New	  idea	  (likely	  ineffecMve)	  
•  Other	  ideas	  to	  get	  read	  of	  energy	  jiSer	  to	  measure	  Response	  Matrices?	  
•  Even	  beSer:	  use	  it	  in	  a	  different	  way	  to	  get	  Dispersion	  Response	  Matrix.	  
•  Can	  we	  guess	  the	  beam	  main	  characterisMcs	  (	  x0	  ;	  x0’	  ;	  Δp/p	  )	  only	  looking	  at	  the	  

orbit	  of	  the	  beam	  in	  few	  BPMs	  upstream,	  and	  predict	  the	  orbit	  downstream?	  	  
•  What	  if	  in	  the	  mean	  Mme	  a	  corrector	  is	  changed	  (and	  so	  the	  dispersion)?	  

USE	  AS	  INDIPENDENT	  
VARIABLES	  THE	  BPMS	  

READINGS	  IN	  TL1	  

IN	  THE	  MEAN	  TIME	  RANDOMLY	  
EXCITE	  DOWNSTREAM	  CORRECTORS	  
(ALSO	  INDIPENDENT	  VARIABLES)	  	  	  

MEASURE	  RESPONSE	  MATRIX	  
DOWNSTREAM	  

•  In	  a	  system	  like	  this,	  at	  first	  order,	  
beam	  posiMon	  in	  a	  downstream	  
BPM	  seems	  to	  linearly	  depend	  on:	  

x0	  ;	  x’0	  ;	  Δp/p	  ;	  
(Δp/p	  x0)	  ;	  (Δp/p	  x’0)	  ;	  

IC1	  ;	  (Δp/p	  IC1)	  ;	  …	  ;	  ICN	  ;	  (Δp/p	  ICN)	  
•  We	  don’t	  have	  any	  of	  this	  

informaMon,	  but	  they	  may	  be	  
expressed	  in	  terms	  of	  upstream	  
beam	  posiMons.	  	  



Summary	  
•  What	  has	  been	  done:	  

-  Developed	  and	  tested	  a	  generic	  linear	  feedback.	  
-  Smart	  way	  to	  measure	  the	  response	  matrix:	  it	  can	  work	  in	  	  

quasi-‐parasiMc	  mode	  and/or	  during	  orbit	  correcMon.	  
-  First	  results	  and	  characterizaMon	  of	  possible	  limitaMons.	  

•  What	  is	  ongoing:	  
-  Dispersion	  measurements	  from	  jiSer.	  
-  “JiSer	  free”	  steering.	  
-  Comparison	  of	  the	  response	  matrix	  with	  machine	  model	  (MADX).	  

-  e.g.:	  found	  a	  corrector	  with	  inverted	  polarity.	  
-  Model	  opMmizaMon	  using	  LOCO	  procedures.	  

•  What	  is	  next:	  
-  Demonstrate	  the	  possibility	  to	  match	  the	  two	  orbits	  in	  TL1	  within	  

noise	  level.	  
-  Apply	  the	  feedback	  for	  the	  full	  closure	  of	  CR.	  
-  Measure	  the	  improvement	  in	  beam	  emiSance	  and	  power	  producMon	  

stability.	  



Thank	  you.	  



Appendix	  slides	  



Measured	  Linac	  RM	  with	  errors	  (Appendix)	  	  
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DL	  layout	  (Appendix)	  	  



TL1	  layout	  (Appendix)	  	  



DL	  -‐>	  Tl1	  Response	  Matrix	  (Appendix)	  	  
•  MADX	  and	  Measured	  RM	  
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