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ATF2 design parameters

RMS energy spread

0.08

Parameter Design value
Energy (GeV) 1.3
Intensity (electrons /bunch) 1 x 1019
Repetition rate (Hz) 3.12
Horizontal emittance €, (m rad) 2 % 107
Vertical emittance €, (mrad) 1.2 x 10~
Horizontal IP beam size r*  (m) 2.8 x 1076
Vertical IP beam size y*  (m) 3.7 x 107®
Horizontal IP beta function 3% (m) 4x107°
Vertical IP beta function J’; (m) 1 x 104
(o)




ATF2/KEK: prototype final focus

Goals:

1) 37 nm beam spot (44 nm achieved 2014 — reproducibly)
2) Beam spot stabilisation at nanometre level
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ATF2/KEK: prototype final focus

Beam feedback + feed-forward systems
Precision cavity + stripline BPMs
Beam size / emittance diagnostics
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FONTS ‘intra-train’ feedbacks
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FONTS ‘intra-train’ feedbacks
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Stabilising beam near IP
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FB loop schematic
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FONTS digital FB board

Xilinx Virtex5 FPGA

9 ADC input channels
(TI ADS5474)

4 DAC output channels
(AD9744)

Clocked at up to 400 MHz
(phase-locked to beam)




High-power, low-latency amps
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FONT4 drive amplifier

« FONT4 amplifier, outline design done in JAI/Oxford
 Production design + fabrication by TMD Technologies
« Specifications:

+- 15A (kicker terminated with 50 Ohm)
+- 30A (kicker shorted at far end)

35ns risetime (to 90%)

pulse length 10 us

repetition rate 10 Hz
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Stripline BPMs
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FONTS stripline BPM system
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Stripline BPMs
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BPM readout

LO source

NON GG

_________________________________________________________________________________________________ é't}iﬁl'iﬁé_ :
phase
shifters

stripline
signals

LO phase
shifters

LO signals

analogue

A1 | processor
modules

processor
output signals

digitizer ]




BPM signal processing
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BPM signal processor
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BPM signal processor outputs
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BPM signal processor latency

Bench latency meas:
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BPM signal digitisation
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3-bunch train at ATF (proxy for ILC)

Single-shot measurement
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BPM system resolution
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PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 18, 032803 (2015)

Design and performance of a high resolution, low latency stripline beam
position monitor system

R.J. Apsimonf D.R. Bcll,';" N. Blaskovic Kraljevic, P. N. Burrows, G. B. Chrislianf
C. 1. Clarkrc,§ B. D. Constance, H. Dabiri Khah, M. R. Davis, C. Perry,
J. Resta Lc’:-pc;c,” and C.J. Swinson"
John Adams Institute for Accelerator Science at University of Oxford, Denys Wilkinson Building,
Keble Road, Oxford OX1 3RH, United Kingdom
(Received 1 October 2014; published 19 March 2015)

A high-resolution, low-latency beam position monitor (BPM) system has been developed for use in
particle accelerators and beam lines that operate with trains of particle bunches with bunch separations as
low as several tens of nanoseconds, such as future linear electron-positron colliders and free-electron lasers.
The system was tested with electron beams in the extraction line of the Accelerator Test Facility at the
High Energy Accelerator Research Organization (KEK) in Japan. It consists of three stripline BPMs
instrumented with analogue signal-processing electronics and a custom digitizer for logging the data.
The design of the analogue processor units is presented in detail, along with measurements of the
system performance. The processor latency is 15.6 £ 0.1 ns. A single-pass beam position resolution of
291 = 10 nm has been achieved, using a beam with a bunch charge of approximately 1 nC.
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Upstream FONT5 System

Analogue Front-end FPGA-based digital
processor

BPM processor

Strip-line kicker

Stripline BPM with
mover system



Upstream FONTS System

Analogue Front-end FPGA-based digital

rocessor
BPM processor P

rip-Iine ickr
Meets ILC requirements: BPM resolution

Dynamic range
Latency

Stripline BPM with
mover system



Withess BPM
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FONTS system performance
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FONTS system performance
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Jitter reduction

BPM

Position jitter (pm)

Bunch 1 Bunch 2

Feedback off Feedback on Feedback off Feedback on

P2
P3
MFBI1FF

1.80£+£0.06 1.70+=0.05 J1.74+£0.06 §§0.44 +=0.01
1.56 £0.05 1.66+=0.05 J1.55£0.05 §§0.61 +=0.02
299+1.0 294+09 27.5+£0.9 83+0.3

Factor ~ 3.5 improvement
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Bunch 1 — bunch 2 correlation
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Feedback loop

withess
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Feedback loop

predict
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Withess BPM:

measure predict
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Predicted jitter reduction at IP
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Predicted jitter reduction at IP

Position y jitter (nm) Angle v jitter (urad)

Bunch Feedback off Feedback on Feedback off Feedback on

1 9.5+ 0.3 10.1 +0.3 89 +£3 87+ 3

2 9.44+0.3 3.6 0.1 87+ 3 28+1

Predict position stabilised
at few nanometre level...

How to measure it?!
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Cavity BPM system near IP
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IP cavity BPM system




Low-Q cavity BPMs

Design parameters

Dipole cavities

Reference cavities

Parameter r port y port x cavity 1y cavity
Resonant frequency finm (GHz) 5.712  6.426 5.711 6.415
Internal quality factor (Qo)mn 4959 4670 1201 1229
Decay time Tonn (ns) 18.72 17.23 33.16 30.03
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Cavity BPM signal processing
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Cavity BPM outputs (2-bunch train)

Single-shot measurement
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Example position calibration: 1)
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Example position calibration:

2)

(b)

Q/q (ADC/ADC)

0.8 0.6 0.4 0.2
\iq (ADC/ADC)



Example position calibration: 3)

I'’q (ADC/ADC)

2.95 3 3.05 3.1 3.15 3.2
Mover setting (V)



Comments

Signal levels - saturation - non-linear response
Dynamic range < - resolution
Operate with (remotely controlled) attenuation

Optimal resolution (0db) -
dynamic range +- 3um w.r.t. nominal centre

Beam setup + beam quality are critical



Waveforms at 0db — ugly!
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Mean-subtracted waveforms
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BPM response vs. attenuation
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Beam jitter vs. attenuation
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Resolution vs. sample # (0db)
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Resolution — integrate samples 3 - 10

Fitting — IPB Fitting
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Jitter vs. QDOFF setting (waist scan)
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Jitter vs. QDOFF setting (waist scan)
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Interaction Point FONT System
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IPFB results

Bunch 1:
not corrected,
jitter ~ 400nm

Bunch 2:
corrected,
jitter ~ 67nm
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IPFB results: time sequence
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IPFB performance vs. QDOFF setting
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Summary

Correcting beams in single-shot mode to sub-micron
accuracy is not easy!
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Summary

Correcting beams in single-shot mode to sub-micron
accuracy is not easy!

Pushed stripline BPM resolution to ~ 300nm (Q ~ 1 nC)
Intra-train FB system that meets ILC requirements
This system capable of nm-level beam stabilisation
Low-Q cavity BPM system operating in multi-bunch mode
Resolution ~ 50 nm
Closed feedback loop
Stabilised beam to 67 nm

Work ongoing to understand/improve cavity BPM resolution



Postscript

In 2008 Honda et al used same electronics on higher-Q BPMs,
in single-bunch mode, with 3X bunch charge, and obtained
resolution ~ 9nm (signal integration + 13-parameter fit)

If we use same technique we obtain resolution ~ 30nm

If we scale for bunch charge naively, resolution - 10nm

We may actually be close to same performance level, but
resolution obtained from a 13-parameter fit does not help
with real-time input to a feedback system ...
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