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Outline
• ATF2 project at KEK

• Stripline BPM system

• Coupled-loop y, y’ feedback system

• Cavity BPMs and progress towards nm resolution

• Summary + outlook



ATF2/KEK
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ATF2 design parameters



ATF2/KEK: prototype final focus

55

Goals:
1) 37 nm beam spot (44 nm achieved 2014 – reproducibly)
2) Beam spot stabilisation at nanometre level



ATF2/KEK: prototype final focus
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Beam feedback + feed-forward systems 
Precision cavity + stripline BPMs 
Beam size / emittance diagnostics
Beam tuning techniques …



FONT5 ‘intra-train’ feedbacks

ATF2 extraction line

77
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FONT5 ‘intra-train’ feedbacks



Stabilising beam near IP

1. Upstream FB: monitor  beam at IP

2. Feed-forward: from upstream BPMs  IP kicker

3. Local IP FB: using IPBPM signal and IP kicker
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kicker BPMs 

FONT 
digital FB

BPM
electronics

FONT
amplifier

e-

FB loop schematic



FONT5 digital FB board

Xilinx Virtex5 FPGA

9 ADC input channels 
(TI ADS5474)

4 DAC output channels 
(AD9744)

Clocked at up to 400 MHz 
(phase-locked to beam)



High-power, low-latency amps

1212

CLIC CTF3
phase 
feed-forward
amp

MOPB063
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• FONT4 amplifier, outline design done in JAI/Oxford
• Production design + fabrication by TMD Technologies
• Specifications:

+- 15A (kicker terminated with 50 Ohm)
+- 30A (kicker shorted at far end)
35ns risetime (to 90%)
pulse length 10 us    
repetition rate 10 Hz  

FONT4 drive amplifier 



Stripline BPMs
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FONT5 stripline BPM system 
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BPM on
x-y mover 
system (IFIC)
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Stripline BPMs



BPM readout
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BPM signal processing
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BPM signal processor
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BPM signal processor outputs

2020



BPM signal processor latency

2121

Bench latency meas:

10ns or 15ns with
amplifier stage



BPM signal digitisation

2222



3-bunch train at ATF (proxy for ILC)

2323

Single-shot measurement

154ns



BPM system resolution

24

Resolution = 291 +- 10 nm
(Q ~ 1nC)
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Upstream FONT5 System

Analogue Front-end

BPM processor

FPGA-based digital 
processor Kicker drive amplifier

Stripline BPM with 
mover system

Strip-line kicker

Beam



Upstream FONT5 System

Analogue Front-end

BPM processor

FPGA-based digital 
processor Kicker drive amplifier

Stripline BPM with 
mover system

Strip-line kicker

Beam

Meets ILC requirements: BPM resolution
Dynamic range
Latency
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Witness BPM
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FONT5 system performance

Bunch 1:
input to FB

FB off
FB on
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FONT5 system performance

Bunch 1:
input to FB

FB off
FB on

Bunch 2:
corrected

FB off
FB on
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Time     
sequence

Bunch 2:
corrected

FB off
FB on
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Jitter reduction

Factor ~ 3.5 improvement
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Bunch 1 – bunch 2 correlation

FB off
FB on
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Feedback loop     witness     
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Feedback loop     predict 
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Witness BPM:     measure   predict



3737

Predicted jitter reduction at IP

FB off
FB on

y

y’
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Predicted jitter reduction at IP

Predict position stabilised 
at few nanometre level…

How to measure it?!
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Cavity BPM system near IP
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IP cavity BPM system
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Low-Q cavity BPMs

Design parameters
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Cavity BPM signal processing

I    I’
Q   Q’

bunch
charge

Honda



Cavity BPM outputs (2-bunch train)
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Single-shot measurement

204nsI

Q
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Example position calibration: 1)
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Example position calibration: 2)
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Example position calibration: 3)
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Comments
• Signal levels  saturation  non-linear response

• Dynamic range  resolution

• Operate with (remotely controlled) attenuation

• Optimal resolution (0db) 
dynamic range +- 3um w.r.t. nominal centre

• Beam setup + beam quality are critical
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Waveforms at 0db – ugly!

I

Q

Position
information
superposed 
on static
artefact

+-1.8um
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Mean-subtracted waveforms 

I

Q

+-1.8um
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BPM response vs. attenuation 

position
calibration
scale
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Beam jitter vs. attenuation 

Noise
floor
~ 30nm



Resolution vs. sample # (0db)
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Resolution – integrate samples 3 - 10
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Jitter vs. QD0FF setting (waist scan)
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Jitter vs. QD0FF setting (waist scan)

minimum 
jitter:

49 nm
(integration)



Interaction Point FONT System

Analogue Front-end

BPM processor

FPGA-based digital 
processor

Kicker drive amplifier

Strip-line kicker

Beam

Cavity BPM

Latency ~ 160ns
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IPFB results

Bunch 1: 
not corrected,
jitter ~ 400nm

Bunch 2: 
corrected,
jitter ~ 67nm

Corrected jitter 67nm

 resolution 47nm
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IPFB results: time sequence



IPFB performance vs. QD0FF setting

Prediction based on
incoming jitters of 
bunches 1 and 2 and 
measured bunch 1-2 
correlation, 
assuming perfect FB



Summary
Correcting beams in single-shot mode to sub-micron 
accuracy is not easy!
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Summary
Correcting beams in single-shot mode to sub-micron 
accuracy is not easy!

Pushed stripline BPM resolution to ~ 300nm (Q ~ 1 nC)

Intra-train FB system that meets ILC requirements

This system capable of nm-level beam stabilisation

Low-Q cavity BPM system operating in multi-bunch mode

Resolution ~ 50 nm

Closed feedback loop

Stabilised beam to 67 nm

Work ongoing to understand/improve cavity BPM resolution 



Postscript
In 2008 Honda et al used same electronics on higher-Q BPMs, 
in single-bunch mode, with 3X bunch charge, and obtained 
resolution ~ 9nm (signal integration + 13-parameter fit)

If we use same technique we obtain  resolution ~   30nm

If we scale for bunch charge naively, resolution   10nm 

We may actually be close to same performance level, but 
resolution obtained from a 13-parameter fit does not help 
with real-time input to a feedback system … 
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