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Abstract

The SuperKEKB collider (2016-) is a major upgrade to the KEKB collider (1998-2010) at KEK. In the SuperKEKB
commissioning Phases 2 (Feb.—Jul. 2018) and 3 (from Mar. 2019), the betatron phase advances between adjacent beam
position monitors and betatron functions have been measured using a total of 138 gated turn-by-turn monitors. A fast
RF gating of the monitors enables turn-by-turn beam position detections by focusing only on an artificially-excited non-
colliding bunch, while leaving colliding bunches unaffected. In this proceedings, we will present the optics measurement
results for SuperKEKB Phases 2 and 3, and discuss advanced signal-extraction methods such as NAFF and independent

component analysis.
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Figure 1: Top view of the gated turn-by-turn monitor de-
tector.
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Figure 2: Switch response for a 4 ns gate input.
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Figure 3: Data flow of the gated turn-by-turn monitors.
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Figure 4: FFT spectra of four decomposed components by
SVD (purple) and ICA (blue).
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Figure 5: (Top) Frequency, (middle) amplitude, and (bot-
tom) phase measurements by FFT (purple points) and
NAFF (blue points).
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Figure 6: (Top)Phase advance and (bottom) beta-beat
measurements in the SuperKEKB electron ring in Phase
3.
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Figure 7: Specific luminosities for each beam-current
product in Phase 2.
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Figure 8: Simulated specific luminositiy degradation for
each chromatic coupling parameter.
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Figure 9: X-Y coupling parameters in Phase 3 positron
ring.
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Table 1: Proposed Upgrades to the Present Gated Turn-by-
turn Monitor

Present GTBT New GTBT

Position calculation EPICS I0C Zynq

Realtime analysis (FFT etc.) None Zynq

TCP/IP network SiTCP Arm Linux
& 3

[1] M. Tobiyama et al., “Development of Gated Turn-by-Turn
Position Monitor System for the Optics Measurement During
Collision of SuperKEKB”, Proceedings of IBIC2013, Ox-
ford, UK, Sep. 2013, pp. 295-298.; http://accelconf.
web.cern.ch/AccelConf/IBIC2013/

[2] H. Ishii et al., “508MHz Pk 3 & — A A & MR 2 ©
B %, Proceedings of the 11th Annual Meeting of Par-
ticle Accelerator Society of Japan, Aomori, Japan, Aug.
9-11, 2014, pp. 1195-1199.; http://www.pasj.jp/web_
publish/pasj2014/proceedings/index.html

[3] T. Naito et al., “Beam Oscillation Monitor for the Multi-
Bunch Beam”, Proceedings of IPAC2013, Shanghai, China,
May. 2013, pp. 506-508.; http://accelconf.web.cern.
ch/AccelConf/IPAC2013/

[4] A. Hyvirinen and E. Oja, “Independent component analy-
sis: algorithms and applications”, Neural Networks Vol. 13,
pp- 411-430 (2000).; https://www.cs.helsinki.fi/u/
ahyvarin/papers/

[5] F. Laskar, “Frequency analysis for multi-dimensional sys-
tems. Global dynamics and diffusion”, Physica D, Vol.
67, pp. 257-281 (1993).; https://doi.org/10.1016/
0167-2789(93)90210-R

PASJ2019 WEPI018

[6] A. Langner and R. Tomds, “Optics measurement algorithms
and error analysis for the proton energy frontier”, Phys. Rev.
ST Accel. Beams Vol. 18, 031002 (2015).; https://link.
aps.org/doi/10.1103/PhysRevSTAB.18.031002

[7] Y. Ohnishi, “SuperKEKB 7 = — X2 iZB1} 533 v v a=
v T DR, Proceedings of the 15th Annual Meeting of Par-
ticle Accelerator Society of Japan, Nagaoka, Japan, Aug. 7-
10, 2018, pp. 1-6.; http://www.pasj.jp/web_publish/
pasj2018/proceedings/index.html

[8] K. Ohmi, “Optics aberration at [P and Beam-beam effects”,
The 2018 International Workshop on the High Energy Circu-
lar Electron Positron Collider, IHEP, Beijing, China, Nov. 12-
15,2018; https://indico.ihep.ac.cn/event/7389/

- 477 -



