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Abstract

A high-resolution, low-latency stripline beam position monitor (BPM) signal processor has been developed for use in an intra-train feedback system for the Compact Linear Collider (CLIC). The
processor was designed to have extremely low latency of order nanoseconds and a target position resolution of order 1 micron. The processor consists of a pair of diodes to form the difference
and sum of a pair of stripline BPM inputs with microstrip filters to reduce out-of-band noise. The assembled prototype was optimized for use with the electron beam in the extraction line of the
Accelerator Test Facility at the High Energy Accelerator Research Organization (KEK) in Japan but the underlying design is readily scaleable to a higher frequency response relevant for CLIC. A
latency of 3 ns was measured in a testbench setup. We report the results of performance tests with beam in which the position resolution was measured to be c. 325 nm.

Introduction ATF2 setup

CLIC IP feedback The diode processor was implemented at the Accelerator Test Facility, ATF2 (KEK, Japan) on
In order to maintain the CLIC luminosity to within a few percent of the design value, intra-train  the outputs of stripline BPM "P1' in the FONT extraction line feedback system (shown below).
feedback is required to provide sub-nanometre beam stabilisation. The CLIC trains are 156-176 ns  The ATF2 bunch charge (~1 nC) is comparable to the CLIC charge of 0.6 nC for the 3 TeV
long and consequently there are significant latency challenges associated with intra-train  baseline design. BPMs P2 and P3 had conventional FONT processors [3]. The output from the
feedback [1]. The feedback latency determines how many iterations of feedback are possible  processors were digitised on FONTSA boards [2].

within a single train, which in turn limits the luminosity recovery. The ATE2 was
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= Low-latency with the 2 GHz CLIC FONT IP Exitaction ine
= Radiation-hard repetition rate but the Jeedback
= Operates in a high magnetic field prototype was designed |
= Simple CLIC interaction region (3 TeV baseline design) to be scaleable to the
= Reliable showing the IP feedback BPM, BPM processor and higher frequency CLIC Schematic of the ATF2 extraction line with FONT system
= Micron-level resolution kicker [2]. signals. highlighted, showing BPMs P1, P2 and P3 and kickers K1 and K2 [4].

Processor design

Supplementary
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With a CLIC bunch spacing of 0.5 ns it is critical to minimise  To estimate the resolution, the measured bunch positions at P1 A prototype processor has been constructed, suitable to
the latency of a BPM processor used for intra-train feedback  (y™®3S-) were compared with the predicted bunch positions (yP™®%)  be used in a CLIC IP feedback system. The design is
[1]. The diode processor tested at the ATF2 includes the  for many consecutive triggers. The resolution gp; of the system is  suitable for operation in high magnetic fields and is

processor components relevant for CLIC and also definedinterms of the resolutions of P2 and P3 (gp,, op3) as radiation-hard. The processor was implemented at the
supplementary components to make the processor > ATF2 and demonstrated to have a latency of 3 ns which
compatible with the ATF2 FONT system. Op1 = \/std (yf,rieas ylgfed') — Agp, — Bogs. is expected to scale to ~1 ns for CLIC. The stripline BPM

N and processor setup was estimated to have a resolution
The full processor was measured to have a latency of 3 ns, By fitting for the coefficients A and B, and using previously of ~395 nm

which would be expected to scale to ~1 ns when removing  measured values, op, = 0p3 =200 nm [5], the diode processor was

the components which were specific to ATF2 operation. estimated to have a resolution of ~325 nm. The distributions of O | k
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and with (Ch2) the diode processor. with standard deviations of 1.16 um and 1.10 um respectively.
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Oscilloscope waveforms from a testbench setup without (Ch1) Distributions of measured and predicted bunch positions at P1, [5] N. Blaskovic Kraljevic et al., in Proc. [PAC'17,



