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Abstract

A low-latency, intra-train feedback system employing cavity beam position monitors (BPMs) has been developed and tested at the Accelerator Test Facility (ATF2) at KEK. The feedback system can be operated with
either position information from a single BPM to provide local beam stabilisation, or by using position information from two BPMs to stabilise the beam at an intermediate location. The correction is implemented
using a stripline kicker and a custom power amplifier, with the feedback calculations being performed on a digital board built around a Field Programmable Gate Array (FPGA). The addition of indium sealing to the
BPMs to increase the cavities' Q-values has led to improvements to the BPM system resolution, with current measurements of the resolution of order 20 nm. The feedback performance was tested with beam trains of
two bunches, separated by 280 ns and with a charge of ~1 nC. For single- (two-)BPM feedback, stabilisation of the beam has been demonstrated to below 50 nm (41 nm). Ongoing work to improve the feedback
performance further will be discussed.
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where k is the calibration constant between BPM response and position,
0o is the 1Q phase angle, and M is the calibration constant converting a

Final Focus Extraction Line dipole modes are down-mixed using a
IP common 5.7 GHz Local Oscillator (LO)

position measurement to a feedback correction in DAC counts. The gain, G,
is set to 1 for a beam with 100% bunch-to-bunch correlation and,
signal to 714 MHz, thus, retaining their
relative phases.
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of the uncorrected bunch-1 and bunch-2
qguadrature to produce orthogonal
baseband signals | and Q.

\PK

positions, y; and y, is:

Y, =y, —y;tc

RF Gun 1.3 GeV Linac = where ¢ is a constant offset which may be
Local Oscillat ' ' o : 4o
At the ATF2, the FONT (Feedback On Nanosecond Timescales) IP (If(c)a; R Processing electronics app.|l?d Ir} (r)]rder Ic;ul) S:IIEC arlcr)]ltrarlly the mean
feedback system uses C-band cavity beam position monitors i Second stage p05|Tt|E.n ° th esta. Hi>€ fuhn.c <5 . , "
(BPMS), IPA, IPB and IPC to measure the beam orbit, and a —— S d? mg,v It elva]:l;nce ° tb'lls' eq.uat.lon gives the
stripline kicker, IPK, to implement the feedback correction. The C;Si; @ — ® — 1 pre |c2te eve 20 eamzsta llisation:
system acts on a two-bunch train.V\./ith 280 ns bunch separation, — ;;“;E}?i Sl;};?z A Oyp = Oyq + Oy — 20'y1 0y2P12 *
stabilising bunch-2 based on position measurements of bunch- Reference ® D }9/ ® . where p4, is the bunch-to-bunch correlation and N i. |
1, thus reqUiring d hlgh bunch-to-bunch correlation. The |atency cavity O-YZ’ O'yl and O'yz represent the jitters on positions FONT5A d/g/ta/ board
of thet system mus’F be less than the bunch s.eparation, requiring F“;Zti;zge ¢ —A Y5, y1 and y, respectively. The best performance
fast signal processing; for the system described here, a latency +90° is achieved for p;,=1and g,, = 0, .
1 2
of 235 ns has been demonstrated. Two-stage BPM signal processing (simplified diagram) [2]
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prediction, suggesting the measured incoming correlation is considerably lower than measurement. The correlation has not been fully removed, suggesting the feedback optimising the phase of the | and Q
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