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Outline

• ILC IP FB prototype (FONT4)

• Dual-phase upstream FB system (FONT5)

• ATF2 IP FB system

• Summary + outlook 



International Linear Collider
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Beam parameters

ILC 250  

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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IP beam 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 
beam incoming to IR
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ILC Interaction Region (SiD)

Door

SiD

Cavern wall 
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Door

SiD
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ILC Interaction Region (SiD)
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Final-focus region (SiD)
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Final-focus region (SiD)

FB BPM on outgoing beamline
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Final-focus region (SiD)

BPM on outgoing beamline

FB kicker on incoming beamline
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KEK Accelerator Test Facility (ATF2)
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ILC IP FB prototype: FONT4 at ATF2
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ILC IP FB prototype: FONT4 at ATF2

Trains of up to 3 bunches

Bunch separation up to 154ns
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Kicker BPM 

1

Digital 

feedback

Analogue BPM 

processor

Drive

amplifier

BPM 

MQF15X
e-

ILC IP FB prototype: FONT4 at ATF2

BPM resolution    ~ 0.2um

Latency ~ 150ns

Drive power          > 300nm 

@ ILC
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FONT digital feedback board
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FONT4 performance

154ns 154ns
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FONT4 performance

FB on

FB off
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FONT4 performance
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FB BPM paper
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ILC IP FB prototype paper
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Simulated ILC IP FB performance
(500 GeV)



FONT5 installation at ATF2

Upstream dual-phase FB system
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IP FB system



Upstream dual-phase FB system
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Upstream dual-phase FB system
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In-loop BPMs Jitter reduced by factor ~4,

to BPM resolution (~200nm) limit



Upstream dual-phase FB system
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Witness BPMs Jitter reduced by factor ~4 at IP



Upstream dual-phase FB system
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Angle jitter reduced by factor ~4



Upstream dual-phase FB system
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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!



Upstream dual-phase FB system
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FB on

FB off

Significant reduction in 

dependence on beam intensity



Upstream dual-phase FB system

3131
arXiv:2008.12738 (2020) submitted to J. Inst.
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FONT

IP kicker

KNU 

IPBPM(s) 
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ATF2 ‘IP FB’ system

Trains of 2 bunches

Bunch separation c. 280 ns
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Real-time signal processing

• Firmware runs on FPGA on digital board:

Digitisation of IPBPM I + Q waveforms

Position determination by I,Q rotation + applying calibration

Feedback calculation with gain application

DAC output to drive kicker

Must meet overall system latency < bunch spacing ~ 280ns

• Standard 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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ATF2 ‘IP FB’ results

• Best real-time IPBPM resolution ~ 20 nm ( < 25nm routine)
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• Best real-time IPBPM resolution ~ 20 nm ( < 25nm routine)

ATF2 ‘IP FB’ results
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• Best real-time IPBPM resolution ~ 20 nm ( < 25nm routine)

• Further improvements possible: stabilisation to ~ 25 nm?

ATF2 ‘IP FB’ results
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• ILC IP FB system prototyped + tested:

meets ILC performance specifications

• Upstream dual-phase FB provides capability for 

1 nm-level beam stabilisation at ATF2 IP

• ATF2 ‘IP FB’ has stabilised beam directly locally 

to c. 40 nm; 25 nm is possible in principle 

• Upstream FB reduced observed intensity-

dependence of beam size by factor ~ 1.6

• Additional beam time would allow:

optimisation of FB system performance 

study of long-term beam trajectory control 

Summary + outlook



42

Extra material
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Beam parameters

ILC 250      500

Electrons/bunch 2 2 10**10

Bunches/train 1312 1312

Bunch separation 554   544 ns

Train length 727   727 us

Train repetition rate 5 5 Hz

Horizontal IP beam size 516 474 nm

Vertical IP beam size 8 6 nm

Luminosity 1.4 1.8 10**34



44CLIC LCB/ICFA 2019 Steinar Stapnes

Compact Linear Collider
3 TeV layout 
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Beam parameters

ILC 250      500 CLIC 3 TeV

Electrons/bunch 2 2 0.37 10**10

Bunches/train 1312 1312 312

Bunch separation 554   544 0.5 ns

Train length 727   727 0.156 us

Train repetition rate 5 5 50 Hz

Horizontal IP beam size 516 474 40 nm

Vertical IP beam size 8 6 1 nm

Luminosity 1.4 1.8 6 10**34



Beam-beam deflection (ILC500)



Luminosity vs. deflection (ILC500)

At peak:

1% lumi loss

= 13 urad angle

= 50 um offset 

at FB BPM



48

General considerations

Time structure of bunch train:

ILC (500 GeV): c. 1300 bunches w. c. 500 ns separation

CLIC (3 TeV): c. 300   bunches w. c.  0.5 ns separation

Feedback latency:

ILC: O(100ns)  latency budget allows digital approach

CLIC: O(10ns)    latency requires analogue approach

Recall speed of light: c = 30 cm / ns:

FB hardware should be close to IP (especially for CLIC!)

Two systems, one on each side of IP, allow for redundancy
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IP FB Design Status: ILC

Engineering design documented in ILC TDR (2013):

1. IP beam position feedback: 

beam position correction up to +- 300 nm vertical at IP 

2. IP beam angle feedback: hardware located few 100 metres upstream

conceptually very similar to position FB, less critical 

3. Bunch-by-bunch luminosity signal (from ‘BEAMCAL’)

‘special’ systems requiring dedicated hardware + data links 
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IP FB Design Status: CLIC

Conceptual design developed and documented in CLIC CDR (2012)

NB primary method for control of beam collision overlap is via vibration 

isolation of the FF magnets, and dynamic correction of residual 

component motions

IP position feedback: 

beam position correction up to +- 50 nm vertical at IP

More realistic engineering design in development



CLIC Final Doublet Region
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CLIC Final Doublet Region
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CLIC Final Doublet Region
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CLIC prototype: FONT3 at KEK/ATF
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Kicker BPM 
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CLIC prototype: FONT3 at KEK/ATF

Electronics latency ~ 13ns

Drive power             > 50nm 

@ CLIC
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CLIC IP FB performance

Single random seed of GM C
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For noisy sites:

CLIC IP FB performance

 factor 2 - 3 improvement



58

CLIC IP FB simulation paper
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Outstanding Engineering Issues

• Component designs need to be optimised for 

tight spatial environments

• Routing of cables

• Operation of (ferrite) devices in large, spatially-

varying B-field

• Further studies of radiation environment

• Electronics location, rad hardness, shielding 

• RF interference: beam    FB electronics

kicker   detector
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Summary for ILC + CLIC

• Well developed IP collision FB system 

designs for both ILC and CLIC

• Simulations demonstrate luminosity 

recovery capability

• Demonstrated prototypes with required 

performance parameters

• Progress on designing customised 

beamline components + optimising layout

• Ideas applicable at XFELs + rings
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IP chamber including 3 cavity BPMs

JAI, KEK, KNU, LAL

3 cavity BPMs

Mover system for 

BPM alignment
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Compact IP kicker


