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THE ATF2
The	
  Accelerator	
  Test	
  Facility	
  (ATF2)	
  is	
  	
  
an	
  electron	
  accelerator	
  at	
  KEK	
  in	
  Japan	
  	
  
designed	
  to	
  test	
  technologies	
  for	
  the	
  	
  
next	
  genera1on	
  of	
  linear	
  colliders.	
  	
  
	
  

ATF2	
  goals:	
  
u  Achieve	
  37	
  nm	
  ver1cal	
  beam	
  size.	
  
u  Stabilise	
  the	
  beam	
  posi.on	
  to	
  the	
  nanometer	
  level.	
  
	
  

The	
  ATF2	
  generates	
  bunches	
  of	
  between	
  109	
  and	
  1010	
  electrons.	
  	
  
2	
  or	
  3	
  bunches	
  per	
  train	
  are	
  extracted	
  at	
  3.12	
  Hz	
  with	
  bunch	
  	
  
separa1ons	
  of	
  between	
  c.	
  140	
  and	
  300	
  ns.	
  
	
  

Results	
  shown	
  here	
  are	
  for	
  2-­‐bunch	
  trains	
  with	
  a	
  280	
  ns	
  	
  
bunch	
  separa1on.	
  



280	
  ns	
  bunch	
  separa1on	
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LOW-Q CAVITY BPMS u  High	
  resolu1on	
  cavity	
  BPMs	
  u1lise	
  electromagne1c	
  field	
  modes	
  
(at	
  GHz	
  frequencies)	
  that	
  couple	
  to	
  the	
  transverse	
  posi1on	
  of	
  
the	
  bunch	
  in	
  the	
  cavity	
  (and	
  the	
  bunch	
  charge).	
  

u  Waveguides	
  spa1ally	
  filter	
  x	
  and	
  y	
  posi1on-­‐dependent	
  modes.	
  
The	
  y-­‐ports	
  are	
  of	
  interest	
  for	
  ver1cal	
  posi1on	
  stabilisa1on.	
  

u  Low	
  Q	
  cavi1es	
  mean	
  fast	
  decay	
  1mes	
  to	
  avoid	
  signal	
  
contamina1on	
  between	
  bunches,	
  vital	
  for	
  intra-­‐train	
  feedback.	
  

u  The	
  BPMs	
  are	
  mounted	
  on	
  an	
  x-­‐y	
  mover	
  system,	
  enabling	
  the	
  
ver1cal	
  and	
  lateral	
  posi1on	
  and	
  pitch	
  to	
  be	
  adjusted.	
  	
  

Cavity	
  BPMs.	
  	
  S.	
  Jang	
  et	
  al.,	
  in	
  Proc.	
  IPAC’16,	
  paper	
  THOAA02,	
  pp.	
  3149-­‐3151.	
  	
  	
  

Ver8cal	
  posi8on	
  
y-­‐port	
  BPM	
  
measurements.	
  	
  	
  

0.32	
  s	
  train	
  separa1on	
  .….….	
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SIGNAL PROCESSING
First	
  stage	
  mixer	
  
Takes	
  the	
  6.4	
  GHz	
  IP	
  cavity	
  BPM	
  signals	
  	
  
(posi8on	
  and	
  charge-­‐dependent)	
  and	
  reference	
  	
  
cavity	
  signal	
  (charge-­‐dependent)	
  and	
  mixes	
  	
  
each	
  with	
  an	
  external	
  common	
  5.7	
  GHz	
  local	
  
oscillator	
  (LO)	
  to	
  produce	
  outputs	
  at	
  714	
  MHz.	
  

	
  
Second	
  stage	
  mixer	
  
Mixes	
  the	
  714	
  MHz	
  dipole	
  cavity	
  signal	
  
using	
  the	
  limited	
  714	
  MHz	
  reference	
  as	
  	
  
the	
  LO,	
  giving	
  2	
  signals	
  at	
  baseband:	
  	
  
	
  	
  

I	
  signal	
  (dipole	
  and	
  reference	
  mixed	
  in	
  phase).	
  	
  

Q	
  signal	
  (dipole	
  and	
  reference	
  mixed	
  in	
  quadrature).	
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DIGITISATION & FEEDBACK
FONT	
  BOARD	
  
The	
  I,	
  Q	
  and	
  charge	
  (q)	
  signals	
  are	
  digi1sed	
  on	
  	
  
the	
  FPGA-­‐based	
  FONT	
  board	
  at	
  357	
  MHz	
  and	
  	
  
used	
  to	
  compute	
  beam	
  posi1ons.	
  In	
  feedback	
  	
  
the	
  on-­‐board	
  firmware	
  calculates	
  the	
  posi1on	
  	
  
of	
  the	
  first	
  bunch	
  and	
  generates	
  a	
  kick	
  signal	
  	
  
to	
  correct	
  the	
  next	
  bunch	
  in	
  the	
  train	
  with	
  a	
  
latency	
  shorter	
  than	
  the	
  280	
  ns	
  bunch	
  separa1on.	
  

	
  
TMD	
  amplifier	
  &	
  IPK	
  kicker	
  
The	
  kick	
  signal	
  from	
  the	
  FONT	
  board	
  is	
  amplified	
  
(using	
  an	
  amplifier	
  designed	
  for	
  up	
  to	
  ±30	
  A	
  of	
  
drive	
  current	
  to	
  meet	
  ILC	
  and	
  CLIC	
  requirements,	
  
taking	
  35	
  ns	
  to	
  reach	
  90	
  %	
  of	
  peak).	
  The	
  kicker	
  IPK	
  
applies	
  the	
  correc1ve	
  electromagne1c	
  pulse.	
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POSITION CALCULATION
I	
  and	
  Q	
  pulses	
  are	
  sampled	
  and	
  a	
  linear	
  combina1on	
  	
  
is	
  used	
  to	
  determine	
  ver1cal	
  bunch	
  posi1on,	
  y.	
  

q	
  is	
  the	
  bunch	
  charge	
  measured	
  using	
  a	
  monopole	
  cavity	
  
BPM. θIQ	
  and	
  k	
  are	
  determined	
  from	
  a	
  calibra1on	
  where	
  
the	
  beam	
  is	
  moved	
  a	
  known	
  amount	
  within	
  the	
  cavity.	
  

ADC	
  counts	
  versus	
  sample	
  number	
  for	
  a	
  two-­‐bunch	
  train	
  (a)	
  I	
  signal,	
  (b)	
  Q	
  signal.	
  
Two-­‐bunch	
  train	
  measured	
  using	
  IPB.	
  The	
  sample	
  separa8on	
  is	
  2.8	
  ns.	
  

280	
  ns	
  bunch	
  separa1on	
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RESOLUTION CALCULATION (GEOMETRIC)
The	
  measured	
  posi1ons	
  at	
  two	
  BPMs	
  are	
  used	
  to	
  predict	
  the	
  posi1on	
  at	
  the	
  third	
  using	
  a	
  linear	
  transport	
  model.	
  
The	
  residual	
  difference	
  between	
  the	
  predicted	
  and	
  measured	
  results	
  is	
  used	
  to	
  es1mate	
  the	
  resolu1on.	
  

IPA	
   IPB	
   IPC	
  

Measured	
  posi1on	
   Predicted	
  posi1on	
  

Geometric	
  method:	
  

Resolu1on:	
  

Constants	
  a1	
  and	
  a2	
  are	
  obtained	
  from	
  trigonometry	
  using	
  known	
  BPM	
  separa1ons.	
  	
  

Schema8c	
  of	
  the	
  resolu8on	
  experimental	
  set-­‐up	
  using	
  all	
  three	
  BPMs.	
  

Residual:	
  

e.g.	
  predic1ng	
  posi1ons	
  at	
  IPA:	
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RESOLUTION CALCULATION (FITTING)
An	
  alterna1ve	
  “fihng”	
  resolu1on	
  es1mate	
  method	
  applies	
  a	
  linear	
  regression	
  to	
  predict	
  the	
  I’	
  signal	
  at	
  the	
  third	
  
BPM	
  based	
  on	
  the	
  I’	
  signals	
  at	
  the	
  other	
  two	
  BPMs.	
  	
  

FiNng	
  method:	
  

Constants	
  c1,	
  c2	
  …	
  obtained	
  from	
  a	
  linear	
  regression.	
  	
  

Apply	
  fit	
  to	
  find	
  I’,	
  then	
  convert	
  into	
  
posi1ons	
  and	
  find	
  the	
  resolu1on	
  as	
  
for	
  the	
  geometric	
  method.	
  
	
  
Addi1onal	
  fit	
  parameters,	
  such	
  as	
  	
  
Q’,	
  q,	
  or	
  horizontal	
  I’	
  and	
  Q’	
  values	
  
derived	
  using	
  x-­‐port	
  dipole	
  cavity	
  
informa1on,	
  can	
  be	
  included.	
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RESOLUTION RESULTS - SINGLE SAMPLE
Resolu1on	
  es1mates	
  with	
  10	
  dB	
  akenua1on	
  on	
  the	
  dipole	
  cavity	
  outputs	
  and	
  at	
  a	
  charge	
  of	
  ~0.5	
  x	
  1010	
  
electrons	
  per	
  bunch	
  using	
  predic1ons	
  at	
  IPA	
  and	
  a	
  single	
  sample	
  of	
  the	
  digi1sed	
  waveforms.	
  

Improvement	
  on	
  fihng	
  Q’.	
  Suggests	
  residual	
  posi1on	
  informa1on	
  
in	
  Q’	
  amer	
  the	
  phase	
  rota1on	
  and/or	
  that	
  beam	
  condi1ons	
  have	
  
changed	
  to	
  make	
  the	
  calibra1on	
  constants	
  no	
  longer	
  accurate.	
  	
  

Geometric	
  and	
  a	
  simple	
  fit	
  to	
  I’	
  are	
  in	
  agreement.	
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RESOLUTION RESULTS - INTEGRATION
u  Plot	
  shows	
  how	
  geometric	
  resolu1on	
  varies	
  using	
  a	
  

cumula1vely	
  increasing	
  integra1on	
  of	
  the	
  pulse.	
  

u  Integra1ng	
  improves	
  resolu1on	
  to	
  ~20	
  nm	
  by	
  increasing	
  
signal	
  informa1on	
  used	
  to	
  improve	
  posi1on	
  sensi1vity.	
  

u  Results	
  are	
  now	
  consistent	
  for	
  all	
  resolu1on	
  methods:	
  
suggests	
  calibra1ons	
  using	
  integra1ons	
  are	
  less	
  likely	
  to	
  
leave	
  residual	
  posi1on-­‐dependent	
  informa1on	
  in	
  Q’.	
  

21.5	
  ±	
  0.4	
  nm	
  	
  
integra1ng	
  12	
  samples	
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FURTHER WORK & OUTLOOK
u  Mul1-­‐sample	
  integra1on	
  has	
  been	
  shown	
  to	
  improve	
  resolu1on	
  from	
  50	
  nm	
  to	
  20	
  nm	
  in	
  offline	
  analysis.	
  

u  Integra1on	
  has	
  now	
  been	
  incorporated	
  in	
  feedback	
  firmware	
  giving	
  the	
  	
  
possibility	
  of	
  20	
  nm	
  resolu1on	
  for	
  real-­‐1me	
  opera1on.	
  

u  First	
  feedback	
  test	
  results	
  demonstrate	
  	
  
posi1on	
  stabilisa1on	
  to	
  41	
  ±	
  4	
  nm.	
  
(See	
  poster	
  by	
  Rebecca	
  Ramjiawan:	
  WEPAL025)	
  
	
  

u  Inves1gate	
  sensi1vity	
  to	
  bunch	
  phase	
  	
  
and	
  other	
  sources	
  of	
  background	
  in	
  the	
  IP	
  electronics.	
  

u  Study	
  waveform	
  features	
  to	
  enable	
  opera1on	
  at	
  0	
  dB	
  and	
  	
  
a	
  charge	
  of	
  1	
  x	
  1010	
  electrons	
  per	
  bunch	
  without	
  satura1ng.	
   Distribu1on	
  of	
  bunch	
  2	
  posi1ons	
  measured	
  at	
  IPB,	
  

with	
  feedback	
  off	
  (green)	
  and	
  feedback	
  on	
  (purple).	
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SUMMARY

u  A	
  resolu1on	
  of	
  ~20	
  nm	
  has	
  been	
  obtained	
  for	
  real-­‐1me	
  opera1on	
  using	
  three	
  low-­‐Q	
  cavity	
  BPMs	
  
in	
  the	
  IP	
  region	
  at	
  the	
  ATF2	
  at	
  KEK	
  in	
  Japan.	
  	
  

u  First	
  results	
  using	
  this	
  improved	
  resolu1on	
  show	
  beam	
  posi1on	
  feedback	
  stabilisa1on	
  to	
  ~40	
  nm.	
  

u  Such	
  high-­‐resolu1on	
  BPMs	
  will	
  be	
  vital	
  for	
  beam	
  delivery	
  system	
  tuning	
  at	
  future	
  high-­‐energy	
  	
  	
  
e+e-­‐	
  linear	
  colliders:	
  CLIC	
  and	
  ILC.	
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