
International Linear Collider Feedback on Nanosecond Timescales

The design for future linear colliders, such as the 500 GeV 
electron-positron International Linear Collider (ILC) [1] pictured 
above, requires beams stable at the nanometre level at the 
interaction point (IP).

The Accelerator Test Facility (ATF2) [2] at KEK in Japan is a test 
facility for the ILC and aims to achieve position stability at the 
notional IP of ~2 nm. This goal requires stabilising the beam to 
under 1 μm in the extraction line [3].

The Feedback on Nanosecond Timescales (FONT) [4] project 
performs intra-train beam-based feedback by measuring the 
bunch 1 position at P2 and P3 and applying a coupled-loop local 
correction to bunch 2 using kickers K1 and K2.
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A low-latency, sub-micron resolution stripline beam position monitoring (BPM) system has been developed and tested with beam at the KEK Accelerator Test Facility (ATF2), where it has been used to 
drive a beam stabilisation system. The fast analogue front-end signal processor is based on a single-stage radio-frequency down-mixer, with a measured latency of 16 ns and a demonstrated single-pass 
beam position resolution of below 300 nm using a beam with a bunch charge of approximately 1 nC. The BPM position data are digitised on a digital feedback board which is used to drive a pair of 
kickers local to the BPMs and nominally orthogonal in phase in closed-loop feedback mode, thus achieving both beam position and angle stabilisation. We report the reduction in jitter as measured at 
a witness stripline BPM located 30 metres downstream of the feedback system and its propagation to the ATF interaction point.
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FONT5 digital board

Stripline Beam Position Monitor Processor

The FONT beam position monitoring system has three 12 cm 
stripline beam position monitors (BPMs) P1, P2 and P3, each on 
an x, y mover system. The witness stripline BPM MFB1FF is 
located ~30 m downstream. The BPM system has a resolution of 
~300 nm with 0.5 × 1010 electrons/bunch [5].

The top (𝑉𝑇) and bottom (𝑉𝐵) stripline BPM signals are subtracted using a 180° hybrid to form a difference (Δ) signal and are added 
using a resistive coupler to form a sum (Σ) signal. The resulting signals are then band-pass filtered and down-mixed with a 714 MHz 
local oscillator (LO) signal phase-locked to the beam before being low-pass filtered and amplified using 16 dB low-noise amplifiers. 
The LO is phased to the beam signal using a phase shifter on the LO input to the processor [5]. The output signals are digitised using 
analogue-to-digital converters (ADCs) on the FONT5 digital board, capable of converting at up to 400 MHz with 14-bit resolution.

Beam PropagationResults

A factor ~3 reduction in the measured position jitter (quoted in 
the legend) is observed on comparing data without feedback 
(blue) to data with feedback (red) at P2, P3 and MFB1FF.

Taking the measured beam position without (blue) and with (red) the application of feedback at P2 and P3 allows the beam to be 
propagated through the lattice to the ATF2 IP. As the coupled-loop feedback acts in both vertical betatron phase advances, both the 
beam position and angle are stabilised downstream of the feedback system.
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Dependence on Bunch Charge

The position jitter without feedback (blue) and with feedback (red) are shown as a function of bunch charge. The lowest jitter with the feedback on is attained at a charge of ~0.5 × 1010, 
corresponding to the operating condition yielding the best BPM resolution of ~300 nm [5]. The points in green show the expected jitter on operating the feedback at the feedback BPMs P2 and P3 
given the incoming values for the jitter of the two bunches and the bunch-to-bunch position correlation [6]. The attained performance is observed to agree with the expectation.
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