Proceedings of the 18th Annual Meeting of Particle Accelerator Society of Japan
August 9 - 12, 2021, QST-Takasaki Online, Japan
PASJ2021 THPO18

J-PARC RCS D ZEfAF v v TEBEE = ¥ O BRBUGE T

EVALUATION OF THE FREQUENCY RESPONSE OF THE RF GAP VOLTAGE
MONITOR OF THE J-PARC RCS

T "N, FIRSOE A, LABE A, B EL A, BIAT A,
EHEA D, ABTE D, FEH D, BAJIESD, BILELD, HBEAD

Hidefumi Okita*®), Fumihiko Tamura®), Masanobu Yamamoto®), Masahiro Nomura®, Taihei Shimada®),
Masahito Yoshii®, Chihiro Ohmori®, Yasuyuki Sugiyama®, Katsushi Hasegawa®, Keigo Hara®, Masashi Furusawa®
A)J-PARC center, JAEA
B)J_PARC center, KEK

Abstract

The J-PARC RCS employs the dual-harmonic operation, in which the fundamental and the second harmonic RF
voltages are used for the beam acceleration and longitudinal beam manipulation. The I/Q voltages of the harmonics are
controlled by the multiharmonic vector RF voltage control feedback. The signals from the RF gap voltage monitors of
the accelerating cavities are used as the process variable for the feedback. It is necessary to control the each harmonic
voltage and phase taking into account the frequency response of the monitor. The measured frequency response of the
monitor agrees with the circuit model. Beam tracking simulations considering the frequency response are carried out. It
is confirmed that the simulation reproduces the bunch shapes when accelerating 1 MW beams. Possible improvements

of the frequency response of the monitor is also discussed.
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Figure 1: Conceptual view of the multiharmonic vector RF
voltage control feedback system.
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Table 1: Parameters of J-PARC RCS

348333 m
8.33x 10" ppp
400 MeV /3 GeV

Circumference
Number of protons

Injection / Extraction energy

Harmonic number 2

RF frequency range (h=2) 1.227 MHz~1.671 MHz
Repetition ratio 25Hz

Acceleration period 20 ms

Max. acc. voltage 440 kV

Number of cavities 12

Number of acc. gaps / cavity 3
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Figure 2: The circuit model of the RF gap voltage monitors
connected to the acceleration gap (model 1).
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Figure 3: The frequency response of the RF gap voltage
monitors of the model 1 calculated by Eq. (1) and Eq. (2).
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Figure 4: The phase offsets up to 4th harmonic calculated
from the frequency response of the model 1.

3. RARBUSERE

EERDOEIEE = X DAL R ESE & RS 5
ez HME LT DO FETHBBUSEIE %25

- 841 -



Proceedings of the 18th Annual Meeting of Particle Accelerator Society of Japan
August 9 - 12, 2021, QST-Takasaki Online, Japan

PASJ2021 THPO18

fEL 7z, —DWRZ VR Y DT =0T F 51,
b5 —OAEE T O — T RN HETH S,

3. RIZMLRY VT —=2T7F514F 2 HNHEE

R IMNVEFY NI =TT F T4 F2H Nz Sy HI
ENS, BEE=XDEEBICE ZFHMGL 72, 2
N7 =27 > T A CEBROMEELSM & FRE
Fyv 7 (O v E=—F AR aDEER) I
BiL7-&MTcoBEEE= awﬂ&ﬁmK%Mi
FTHIZWETRVBETH D, BET_RE2EESXY
NTD—0T7F AV ICEERLZE EOMEKRSRZ
Fig. 5 @ LMl (model 2) (239, i D72, FHHE
HEBRYDRY NI =27 F 54 F DM NE
& IZAE L TWD

Iy NT—=0T7FSAFIZHBE I N EESEHEO L
HAVE—=X VAR X500 THDB, TD72dD, Soy
HE CBIH X N2 MAHDFIRBUSE X Ry & AT
BT B, model 2 DIKZTD Sy D JEFEEISE
DEEME% Fig. 6 1283, 2D X 512, model 2 DK
RTOD Sop HIETEHM S N REIIARRAE L2 \W»
Do0000 ooonoon 1 E BB ERNbn s,

Z 2T, AJPETIX Fig. 5 O FNZRT L1
AT M FIHRHT (Ry) % ##5¢ U 724K %R (model 3) T
Soq HIE 2 FEMi L 7z, Ry DIPFUEIMLNT EALFHD
IRE X AZRE U 72\ model 1 123D LAY, SEik
Ry =50Q & U CTHIZEZFEM U 72, model 3 TD Sy
D AW BUGE O FHFEAR I Fig. 6 DD FEHETH D,

A — 3
model 1 IZX DIEWVEEZRT I & D05
model 2
o
8
o R, 500
<IN
)
PN
model 3 portl port2
[ ko500 C,9pF | Ry50Q
e
N
2 R, 500 f— R, 500
N €, 9000pF
PN

ZR¥ vy TBEE=4

Figure 5: The circuit models showing the measurement
system using the vector network analyzer. The upper one
shows the measurement system when the monitor is direc-
tory connected to the network analyzer (model 2). The bot-
tom one shows the measurement system when the monitor
is connected to the network analyzer with a parallel resistor
R4 in between (model 3).
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Figure 6: The calculated frequency responses of the RF gap

voltage monitor for the each model.
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Figure 7: Schematic view of the measurement system using
high voltage probe.
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Figure 8: The measured frequency responses of the RF gap
voltage monitor. The red line and black circle represent
the measurements using the network analyzer and the high
voltage probe, respectively.
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Figure 9: The phase offsets up to fourth harmonics calcu-
lated from the results of the frequency response measure-
ments.
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Figure 10: The measurement of the RF gap voltage mon-
itor at IMW beam operation up to fourth harmonics. The
dashed line shows the phase considering the frequency re-
sponse of the monitor.
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Figure 11: Comparison of the bunch shapes and the bunch-
ing factor between the BLonD simulation and measure-
ment. The blue and red lines show the results of the BLonD
simulations with and without considering the frequency re-
sponse of the monitor, respectively. The black line shows
the measurement of WCM monitor at IMW beam opera-
tion.
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Figure 12: The preliminary design of the RF gap voltage
monitor with an operational amplifier.
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Figure 13: The frequency response of the RF gap voltage
monitor with an operational amplifier (AD811) calculated
by the LTspice.
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