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Outline

● Concept

● Brief history of FONT (Feedback on Nanosecond Timescales)

● Considerations for C3
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Concept

● Last line of defence 
against relative beam 
misalignment

● Measure vertical 
position of outgoing 
beam and hence 
beam-beam deflection

● Use fast amplifier and 
kicker to correct 
vertical position of 
other beam
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IP position feedback latency

1. Beam flight time 
IP ► BPM

2. Signal processing, 
FB calculation

3. Amplifier & kicker 
response time

4. Cable delays

5. Beam flight time 
kicker ► IP

Bunch-by-bunch position correction latency
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A brief history of FONT: FONT1

● FONT1: proof-of-concept at NLCTA

PAC'03: Achieved latency: 66 ns
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A brief history of FONT: FONT2

● FONT2: second-gen prototype 
● Two witness BPMs added to 

monitor performance
● Second kicker to reduce 

amplifier drive power
● Reduced distance between 

BPM and kicker(s)
● Added “beam flattener”
● EPAC'04: Achieved latency = 53 ns
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A brief history of FONT: FONT3

● FONT3: KEK ATF
● New low-latency BPM processor 

and kicker drive amplifier

● EPAC'06: Achieved latency = 23 ns 

56 ns

FONT3
BPM signal 
processing
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A brief history of FONT: FONT4/FONT5

● FONT4: Digital prototype
● 150 ns bunch spacing at ATF allows for 

more sophisticated feedback algorithms 
to be implemented

● Virtex-4 FPGA, ADCs 89 MSPS

● PAC'09: Achieved latency 140 ns
● FONT5: Second-gen digital
● Dual-BPM, dual-kicker system for 

correcting position and angle to 
achieve ATF2 beam stability goal

● Operated with high-resolution 
stripline or cavity BPMs

● Virtex-5 FPGA, ADCs 357 MSPS
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C3 Parameter Table
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Considerations for C3

● C3 more NLC-like than ILC-like, so the low latency of an analogue 
system like FONT3 probably more suitable

4ns
5ns
9ns

5ns

5ns

10 ns

20ns

FONT4 FONT3
depends on how close to the IP 
you can get your components

based on obsolete digital components
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Summary

● The FONT group developed multiple feedback systems:
● FONT3 - for NLC, all analogue, latency 23 ns
● FONT5 - for ILC, flexible mixed digital/analogue system, latency 150 ns

● FONT3 probably more suitable due to C3 parameters

Credit for this work belongs to the FONT team over the years:

Robert Apsimon, Neven Blaskevic Kraljevic, Ryan Bodenstein, Talitha Bromwich, Philip Burrows, 
Glenn Christian, Christine Clarke, Ben Constance, Michael Davis, Tony Hartin, Young Im Kim, 
Simon Jolly, Steve Molloy, Gavin Neson, Colin Perry, Rebecca Ramjiawan, Javier Resta Lopez, 
Jack Roberts, Christina Swinson
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