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Outline

• Brief introduction and motivation

• Linear collider interaction point collision feedback

• ATF2 y-y’ feedback system

• ATF2 ‘interaction point’ feedback system

• Summary + conclusions
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International Linear Collider
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ILC beam parameters (250 GeV)

Electrons/bunch 2 10**10
Bunches/train 1312 
Bunch separation 554   ns
Train length 727   us
Train repetition rate 5 Hz
Horizontal IP beam size 516 nm
Vertical IP beam size 8 nm
Luminosity 1.4 10**34
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Collision feedback concept

Last line of defence 
against relative 
beam misalignment

Measure vertical 
position of outgoing 
beam and hence 
beam-beam kick 
angle

Use fast amplifier and 
kicker to correct 
vertical position of 
incoming beam
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Door

SiD

Cavern wall 

ILC Interaction Region (SiD detector)
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ILC final-focus region
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ILC final-focus region

feedback BPM on outgoing beamline

feedback kicker on incoming beamline
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KEK Accelerator Test Facility (ATF)



FONT installation at ATF
Upstream FB system

1111

IP FB system
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Kicker FB 
BPM 

Digital 
feedback

Analogue BPM 
processor

Drive
amplifier

Witness 
BPMe-

ILC IP FB prototype: FONT4 at ATF2

Trains of 3 bunches

Bunch separation 154ns
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Kicker BPM 
1

Digital 
feedback

Analogue BPM 
processor

Drive
amplifier

BPM 
MQF15Xe-

ILC IP FB prototype: FONT4 at ATF2
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Stripline BPM signal processing
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Analogue signal processor
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FONT4 digital feedback board

Difference/sum calculated in real time

Kicker calibration applied

Feedback gain applied

Integrator maintains running correction

Kicker drive signal(s) generated 
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Measured BPM resolution

Typical operating range: 
160 – 350 nm resolution

Bunch charge
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Feedback performance

Beam position zeroed Jitter reduced to limit 
set by BPM resolution

154ns 154ns
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Feedback performance
FB on FB off

normal jitter

10 x normal jitter

25 x normal jitter
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FONT4 performance summary
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Simulated ILC IP FB performance
(500 GeV)



FONT5 installation at ATF2
Upstream y-y’ FB system

2222

IP FB system



Upstream y-y’ FB system
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In-loop BPMs
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Jitter reduced by factor ~ 4, to BPM resolution (~200nm) limit



Downstream witness BPMs
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Jitter reduced by factor ~4 at IP



Results in terms of beam angle

2626

Angle jitter reduced by factor ~4



Extrapolation to IP

2727

Track beam data from upstream 
region to IP using MADX model

 beam stabilised to ~1nm at IP

 correction limited by 
upstream FB BPM resolution

 not possible to measure 
directly with 1nm resolution!

100 um



Application of upstream y-y’ feedback:
reduction of beam-size growth due to wakefields

2828

FB on

FB off

Significant reduction in 
dependence on beam intensity

Bunch charge



ATF2 ‘IP’ FB system

2929Siwon Jang et al (KNU)
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FONT
IP kicker

KNU 
IPBPM(s) 

FONT5A 
digital 

FB

KEK IPBPM
electronics

FONT
amplifier

e-

ATF2 ‘IP’ FB system

Trains of 2 bunches

Bunch separation c. 280 ns
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FONT
IP kicker

KNU 
IPBPM(s) 

FONT 
digital 

FB

KEK IPBPM
electronics

FONT
amplifier

e-

ATF2 ‘IP’ FB system



Analogue signal processor

3232

FB on

FB off

Significant reduction in 
dependence on beam intensity



Calibration (example)

3333

Example digitised waveforms:

Example calibration:



Real-time signal processing

• Firmware runs on FPGA on digital board:
Digitisation of BPM I + Q waveforms + q signal
Position determined from I,Q, q by applying calibration
Feedback signal calculated by applying gain
DAC output to drive kicker
Must meet overall system latency < bunch spacing ~ 280ns

• Previous version used single sample from 1 BPM as input
• Firmware upgraded (2018) to allow:

Real-time integration of up to 15 samples in BPM waveforms
Input to FB loop from multiple BPMs

 improved position resolution in real time
 better FB stabilisation of beam

FB loop latency measured ~ 232 ns
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Position resolution
Ballistic beam 
Use geometry of 3-BPM system to 
predict beam position at 3rd BPM 
using position measured at other 
two BPMs:

Resolution determined from 
distribution of residuals:

Best real-time resolution ~ 19 nm

( < 25nm routine, depends on beam)
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Comparison with earlier study (2008)

Earlier study:
• Reported resolution ~ 9 nm
• Based on offline analysis, 

including a 10-parameter fit 
• Calibration extrapolated from 

less sensitive setting 
• BPMs higher-Q
• Not designed for low latency
• Not used for feed back
Our study:
• Resolution ~ 19 nm 
• Real-time, directly measured
• Calibration done at most 

sensitive setting
• BPMs low-Q
• Low-latency system
• Used for beam feedback
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Nanobeam vertical focus placed at one BPM
Two FB modes used to correct bunch 2:

1. Only IPC used 2. IPA and IPC used to correct at IPB

ATF2 ‘IP’ FB results
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Nanobeam vertical focus placed at one BPM
Two FB modes used to correct bunch 2:

1. Only IPC used 2. IPA and IPC used to correct at IPB

ATF2 ‘IP’ FB results



39

• Beam stabilised to ~ 41 nm in mode 2
• Agrees with prediction of 40 nm given incoming beam jitter and 

measured bunch-1 – bunch-2 correlation ~ 92%
• After correction, residual bunch-1 – bunch-2 correlation ~ 41%

 under correction, higher gain should improve
• With 100% bunch correlation and optimal gain, performance would be 

resolution-limited:
 stabilisation to 24 nm possible in mode 2
 still some margin for improvement

• No feedback operations at ATF2 since 2019
• In future beam operations: 

Improve beam quality (jitter, inter-bunch correlation)
Optimise feedback performance (gain)
Longer-term stability (~ hours  days) 

Discussion
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• Developed low-latency, high-precision feedbacks incorporating both 
stripline and cavity BPMs

• Obtained exellent real-time position resolution:
Stripline BPM ~ 160 nm
Cavity BPM ~   19 nm

• BPMs incorporated in digital systems for multi-bunch feedback
• ILC IP collision feedback system prototyped + tested:

meets ILC performance specifications
• Upstream y-y’ feedback

reduced wakefield blow-up of beam size by factor ~ 1.6
provides capability for 1 nm-level beam stabilisation at ATF2 IP

• ATF2 ‘IP’ FB incorporates low-Q cavity BPMs + fast digital processor
nanobeam stabilised to ~ 41 nm;  
24 nm is possible in principle 

Summary
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