Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi
PASJ2023 TUP32

IRZERILS L TR D EIRME R AT L
FREQUENCY MODULATION SYSTEM USED FOR STARTING UP DURATION OF THE
ACCELERATING CAVITIES

KRS AR I ERE AR, HFEELA AR, EEE KO, miEHEd 6P, FARBEIE OD, & Efy P
Takashi Ohshima® *B), Naoyasu Hosoda™®), Eito Iwai*®, Kota Ueshima ©, Shunya Takahashi P,
Toshitaka Aoki® ), Masamichi Yoshioka®
A) Japan Synchrotron Radiation Research Institute
B) RIKEN SPring-8 Center
© National Institutes for Quantum Science and Technology
D) NAT
) SPring-8 Service

Abstract

A Storage Ring (SR) at a new synchrotron radiation facility, NanoTerasu, under construction at Sendai, Japan, equips
four accelerating cavities which have low quality factors for the Higher Order Modes (HOM). One of four cavities has a
higher resonant frequency of about 116 kHz than the designed RF accelerating frequency. This frequency deviation is too
large to compensate by using a frequency tuner. So we developed a frequency shifting function during the starting up
procedure in the Low Level RF system. We inserted an In-phase Quadrature (IQ) modulator to shift the frequency at the
input port of the reference RF signal for the SR. At first, the amount of the frequency-shift is set to 80 kHz for minimizing
the reflected power from the cavity. Then the heat load of the high power RF increase the body temperature of the cavity.
Then the resonant frequency of the cavity is getting low. A resonant frequency tuning system works to move the tuner
plunger position to minimize the reflected RF power from the cavity. The frequency shift system watch the tuner position,
and lower the shift-frequency fed the IQ modulator until the frequency becomes zero. This frequency shift system was
implemented at the RF test stand of the SPring-8 and we found that the system worked as we expected. The
implementation of this system at the NanoTerasu was done and it worked as expected.
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Figure 1: a) Photo of the acceleration cavity section and b)
a cross sectional view of the HOM dumped cavity.
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Figure 2: Resonant frequency of the cavity as a function of
the tuner position.
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Figure 3: Block diagram of a LLRF and a frequency-shift
system.

Z® DAC % SPring-8 D7 ANAZ L RD LLRF ¥ AT
LATHE AL TEY, LLRF A O firmware (2130 T O
REDNFEIES N TVD,

A) RWE-MLAERESE LT —4 T — 7

U7z DAC Hi /125 7] 68

B) DAC Z7uy 27 D43 & H(clkdiv)DEx E 23 Al He

C) NIAHERE CIRIE T — X D0 L H ) 23 7T 8E

D) T — &R UG 21k 3 JE R E

-371 -



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

PASJ2023 TUP32

W T — 2102 I Da~< U REITITRL T,

1S OHhEHUKEZ Thba~vr RNEE
s

E) {%1EFFD DAC HAEA R

INBDOREREE WD ETRIZI AT DD 4)DH
K& ZEMAIRETH D, DAC 77 & ET

508.759 MHzx5/8x1/4=79.5 MHz (1)

THY ., WIET —# LT 993 points (wfmpts=993) DEH D
A58 80 kHz D JE AL D IE5XE &Rk 4 Hi 7
THZENTED, 994 points DT —Z TILZ D JEI I
80 kHz - 80 Hz 720 2)DFE K4 /&t 975, Firmware 0
D) OHEREIZLD 3), ) DIREZ i & TE D,

ZERNL D TR JE 3 #5~7 hod 7 e AL SPring-8
TSI MQTT Z& LefilfHl 7L — AT — 7 [4]I12
Hl>TiHlfEES NIz, ZDO 7 atE AL MTCA .4 Fk& D CPU
ETEMEL, o EE L BT m e A2 I AR
TatA[5|LEEETo TEMET %, B 7 o7
2B ADOEEILLL FO@EY THD, £7°. ZENH 2T
WDIRIED B IZIZAIHMEE L T+80 kHz DA 7 v i %
B2 T, ZBMZE D EASNAKIEE D EA3
5Hé, IRERBEHE S o 2N F a—F 2Ex T
WCE T, Fa—TFT OMENEMEEL B 56 JE
W 7R3 A7 2y MNEREEA 100 Hz DL TR
EDAT 7 TR, Fa—TFT OMERBELU TR
FTEDORIEERSET D, A7 MNE O 2 Tk
BT =2 DU Z BLODAC 70y 7 D43 JE AR E T
FHT D, ZOT e AIA T2y NEE K 0Hz 1272
L&, BEEEIET D,

4. FERDOFER

4.1  JEAREE 7N 1Q Zigs0EE

SPring-8 > SR T ARAX L RITHERLT-JH I $54~
Ty N AT AOMREFHI AT o7, B E 7R 1Q
T 5 DAC /I EREFIES) A 72 LT
WDINEIMIZOWNWTHERZIT o7, WL U X D
DAC i 1&A v aAa—7 CHRIL7-REOF% Fig. 4 12
R, AN T F v RV ORIEIEE, #:28 Q F v+
N O EE DR ZEL TH D, WYV IR Z FF AL

40.0ns

Figure 4: DAC output signals: I (yellow line) and Q (green
line) of the offset frequency controller at a waveform file
exchange. The cosine (I) and the sine (Q) signals are
continuous when the period was changed.
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Figure 5: Phase noise spectrum of a) a reference signal, b)
a signal with a frequency offset and c) a pickup signal of
the cavity.
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Figure 6: Trend graph of the klystron power fed to the
cavity #2 (Cav fwd), the offset frequency (offset freq), the
tuner position (Tu pos), the waveform point number
(wfmpts), and the DAC clock division number (clkdiv).

80 08
60 #4506
= o)
= - % 2
= < i
- 40 7 04 F
2 / &
= =
o
o0 /// 02 3
I,
g o[ s
0 = - 0
120 -8
—@— offset freq
¥ N -10 o
o2 4 &— i
g 60 e, 12
2 . | E
g e e o 2
<= 30 P/u ?‘i\\ 14 E
g M —FHF— tl pos -
0 | | | | Mgl -16
(= (= (= (= (= (= (=
(=] (=] (=] (=] (=] (=] (=]
S S = S S S S
= - X e = e =
=} =) =) L=} L=} =) =
] en e e e ] -
o o o o o o e
%= % % % % % o
] ol ol ol ol ] o
= = = = = = :

Figure 7: Trend graph of the rf power fed to the four
cavities (Cav fwd), the reflected power (Cav bwd), the
cavity 1 tuner position (tul pos) and the offset frequency
(offset freq).
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