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KEK/ATF
https://www-atf.kek.jp/atf/
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ATF systems
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ATF linac
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ATF damping ring
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Vertical emittance
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ATF2 lattice
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Scale model of Linear Collider Raimondi-Seryi final-focus system (for ILC)
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ATF2 beamline
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ATF2 optics
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IP beam size monitor
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IP beam size monitor
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IP beam size history
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Smallest beam size achieved ~ 41 nm → 7 nm @ ILC



IP beam size 
limitation
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Wakefield sources
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Controlled wakefield source
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Wakefield reduction
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Dynamic effects
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FONT FB installation at ATF

Upstream FB system
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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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Position jitter reduced by factor ~4 at IP

9cm upstream of IP

9cm downstream of IP



Results in terms of beam angle
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Angle jitter reduced by factor ~4



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

FB off

Significant reduction in 

dependence on beam intensity

Bunch charge



Extrapolation to IP
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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!

+-50 um



ATF2 ‘IP’ FB system

2525Siwon Jang et al (KNU)
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ATF2 ‘IP’ FB system

Trains of 2 bunches

Bunch separation c. 280 ns
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Real-time 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)



29

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
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ATF2 achievements 
summary
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Beam size:

• Local chromaticity correction final-focus scheme demonstrated

• Linear optics tuning procedure established

• Tuning performed including 2nd order knobs

41nm beam size demonstrated, limited by wakefield effects

• Wakefield dependence reduced by removing sources from beamline

• Impact of static wakefield sources reduced by using source on mover

• Dynamic wakefield effects partly reduced by FONT orbit feedback

Beam stability:

• Using FONT orbit FB system, beam stabilisation to 1nm is implied by model

• Direct IP beam stabilisation to 40nm measured using IPFB system 



Remaining issues
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• Systematic study of 2nd order aberrations

→ Confirm effectiveness of 2nd order tuning knobs

• Accurate measurement of energy bandwidth

• Further wakefield studies: ‘unknown’ sources?

• Unknown strong non-linear aberrations?

• Reproducibility and long-term stability

→ more stable beam and IPBSM system would facilitate measurements



ATF2 → ATF3
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• Overhaul beamline to replicate ILC more accurately:

replace magnets with poor field quality

remove/replace wakefield sources

relocate cavity BPMs to ILC-like locations

• Upgrade IPBSM laser for stable, long-term operations

• Ultra-low beta* studies with octupoles (CLIC)

→ test-bed for LC luminosity optimisation studies



ATF2 → ATF3
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Improvements completed, in progress or planned:

• Replace QD0FF (2023) and QF1FF (2025)

• Upgrade skew sextupoles and put on movers

• Upgrade mover controls on sextupoles

• Upgrade IPBSM system (laser table, optical transport, vertical table …)

• Replace IPBSM laser (2025) → better laser spot profile

• Upgrade timing system

• Upgrade LLRF system / FB

• New beam chamber for wakefield studies

• Linac BPM readout upgrade

• Consolidation to reduce risks of failures

• Development of ML/AI techniques for faster/better tuning



Longer term possibilities
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• Superconducting device test bench:

Final doublet

Crab cavity

Helical undulator for polarised positron source

• Permanent magnet test bench

• Polarised electron source test bench
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Thanks for your attention



Extra material
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Implications for ILC
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