Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi
PASJ2023 FRP32

STF-2IEBTOE—LFBERZRAWTZ 2L LLRF RDOESRKIE
SIGNAL CALIBRATION OF DIGITAL LLRF SYSTEM USING BEAM-INDUCED FIELD
FOR THE STF-2 ACCELERATOR

RSAFIIL =AB) SRR A, iR A), =il r A8, Ak = AB)
Toshihiro MATSUMOTO *#-B), Dai ARAKAWA #), Hiroaki KATAGIRI*),
Takako MIURA #B), Shuji MATSUMOTO #-B)

A) High Energy Accelerator Research Organization (KEK)

B) SOKENDAI (The Graduate University for Advanced Studies)

Abstract

In accelerators that operate for long RF pulses of several hundred microseconds or CW RF operation, a single high-
power RF source supplies its power to multiple cavities. In such RF systems, vector-sum feedback control is employed
to keep the vector sum of the amplitude and phase of each cavity constant, and calibration of the amplitude and beam
phase from each cavity is important for stable beam operation. There is a method to calibrate the amplitude and phase of
each cavity using beam-induced waves. Beam operation using this method on the STF-2 accelerator has contributed to

stable operation at the target ILC-spec beam pulse length and beam current.
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Figure 1: STF-2 accelerator.
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Figure 2: High power distribution system for CM1/2a
module at the STF-2 accelerator.
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Figure 3: Simplified dlagram of digital LLRF feedback
loop system at the STF-2 accelerator.
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Figure 4: Energy scan results for each cavity using waveg-
uide phase shifter.
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Figure 5: Amplitude and phase of eight cavities before
phase calibration based beam-induced field.
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Figure 6: Change in cavity electric field due to beam-
induced field.
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Figure 7: Beam injection/exjection timing in each cavity
and evaluated beam width.
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Figure 8: Relation diagram between cavity waveform (am-
plitude and phase) and beam-induced field (amplitude and
phase).
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Table 1: Measured Results of 8.4, and ¢peam

Cavity  Ocav [deg.] Pbeam [deg.]
#1 111.23 £ 1.87  -6.58 £+ 15.65
#2 108.11 + 1.94 2.21 £16.62
#4 111.92 £ 1.94 -3.08 £ 8.56
#5 107.81 £ 2.01 712+ 17.25
#7 112.96 + 1.96 -0.87 £ 7.81
#8 110.87 £1.92 1927 +14.77
#9 109.07 £ 198 -17.72 £ 16.29
#10 108.08 £1.96 -6.10 &+ 17.41
#11 108.24 £1.99 -12.79 £ 17.97
#12 110.07 £ 1.92 1.79 + 16.26
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Figure 9: Amplitude and phase of eight cavities after phase
calibration based beam-induced field.
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Figure 10: Amplitude and phase of eight cavities after ad-
justment with the waveguide phase shifter.
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