
COOL COPPER COLLIDER WORKSHOP 7-8 OCT 2024 1

Final Focus Feedback
TALK GIVEN BY DOUGLAS BETT ON BEHALF OF THE FONT GROUP

JOHN ADAMS INSTITUTE / UNIVERSITY OF OXFORD
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Outline
 The need for a Final Focus feedback

 The Final Focus feedback system for the ILC

 Considerations for C3
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ILC: Luminosity at the interaction point 
Much more important for a linear collider 
because beams do not circulate

Luminosity inversely proportional to product of 
horizontal and vertical beam size , but 
‘beamstrahlung’ is inversely proportional to the 
sum   use flat beam with 

Luminosity rapidly degrades as a function of the 
beam-beam offset
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Ground motion
LC Vision → CERN is the relevant data set

 

 On longer timescales (many C3 trains), 
motion of the ground (and hence the 
accelerator components) is comparable 
to the beam size

 

 Over 1 s (0.1 Hz), motion of about 1 nm 
can be expected

120

C3 
train 
rep. 
rate
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ILC: Final Focus feedback system
 Last line of defence against relative beam 
misalignment

 Measure (vertical) position of outgoing beam to 
infer the beam-beam deflection angle and hence 
the offset at the IP

 Use fast amplifier and kicker to correct (vertical) 
position of incoming beam
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ILC: Operational range
A vertical offset at the IP causes a deflection that results in 
a much larger position offset downstream

The system is designed to compensate for a ±200 nm 
vertical offset at the IP – for a 250 GeV beam, this 
corresponds to a measured offset of up to ±1400 µm at the 
outgoing BPM

Correcting this requires the incoming beam to be deflected 
by ±60 nrad
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Latency
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ILC: Feedback component locations
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Considerations for C3

 “The C3 can also reuse the final focus design of the ILC” quote from 2023 JINST 18 P07053

 How does C3 compare?

 - Smaller beam size

 - Much shorter bunch trains

 - Much higher rep. rate

 - Much shorter bunch spacing

 - Lower bunch charge
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Impact on feedback

 Smaller beam  tighter tolerances on position offset

 Shorter bunch spacing  not possible to correct on a bunch-to-bunch basis

 Lower charge  smaller deflection angles at the IP, worse resolution of BPM
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Candidate system
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Latency considerations

 23 ns latency with a 5.26 ns (3.5 ns) bunch spacing  correction after 5 (7) bunches

 133 (75) bunches per train  uncorrected beam 3.8% (9.3%) of the time

 

 Effect on luminosity depends on the beam motion model studied
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Feedback performance
Results here are for a system using the 
FONT5 digital feedback processor but the 
other components (BPM, kicker) are the 
same

Latency much higher for FONT5 as it was 
aimed at ILC-like trains



COOL COPPER COLLIDER WORKSHOP 7-8 OCT 2024 14

Conclusion

 From the viewpoint of final focus feedback, C3 represents a more challenging case than ILC due 
to the smaller beam and shorter bunch spacing

 

 An analogue system like FONT3 would be appropriate  
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Credits
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