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Abstract

A next-generation synchrotron radiation (SR) source, which has been constructed in Sendai, adopted the C-band high-
gradient accelerator system as a main accelerator of the 3 GeV low-emittance electron beam injector. Since the C-band
accelerator in SACLA has been successfully operated for many years, we transfer the C-band accelerator system of
SACLA, which includes a normal-conducting, disk-loaded type traveling wave structure, a 50 MW pulsed klystron and
an insulation oil-filled modulator. For reduction of the construction cost, a simplified RF pulse compressor (SLED), a
simplified high voltage capacitor charger and a GaN-based driver amplifier are developed and tested. Since the
requirements of the RF stability are moderate compared to those of SACLA, we decided to omit the precise temperature

regulation system of the RF structure.

Concerning the low-level RF control,

we developed a simplified

modulation/demodulation system based on the micro-TCA.4 platform. In this proceeding, we report the design and a
current status of developed components of the C-band accelerator system.
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Figure 1: Configuration of the 3 GeV linac.

Table 1: Expected Accelerating Gradient and Final Beam
Energy, Including 36 MeV at BC1

Number of 37MV/m X 4m 42 MV/mx 4m
RF unit =148 MeV/unit =168 MeV/unit
18 unit 2.70 GeV 3.06 GeV
19 unit 2.85 GeV 3.23 GeV
20 unit 3.00 GeV 3.40 GeV
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Figure 2: Configuration of the C-band accelerator system.
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Figure 3: Installation image of the C-band accelerator.
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Table 2: Temperature Coefficient for C-band Accelerating
Structure and RF Pulse Compressor

Accel. structure RF pulse comp.
Amplitude -0.02% /0.1 K -0.06% /0.1 K
Phase 1.1°/0.1 K 1.7°/0.1K

2) EVal—FREEROMEL

EY 2l —H® Pulse forming network (PFN) [A]#& D
WX, 7TA AN OZEVECERE T 5720, ZDOF
R EE R ThD, SACLA TlIAr"—4=
DOEFRE LM E T 2 EDHET 10 ppm(rms)D
BIELEMNZHLTWA10], S EIDOAFZAF 7T
1%, REELEOREEX 0.08% (800ppm)FLE T D
T, MARETLZEM L EREHHEMTHNDZEELT,
AA T 7 [FI# D Pulse wave modulation (PWM)IZ&5H
FodE B H A Bk L, EHEOBEEREZ L Tn
Do MEARICRIEL I B EIR Tl A ICL5 R E
FRERIZC 200 ppm(p-p)Lh F DOz Me % E FE % 5
HILTW3,

3) KBTI LB/ A REIROERE

SACLA Tif, £ CPHOIKE /] RF #ek, A 7 Hkas
1AL/ AR DC EIFUZTEREIL , KT 7 ICBIDTE
TEALZ X D72E | 22 B M L HIEAE 218 fo U7 B 2Rk
Lo TN, SEID AT A F w7 TlE, FZFETOR
EMEILERNOT, WHEOZELTy7EL, EIRDE
WO ACIZEDERMEE LT,

3. HHFDRAFELHAR

3.1 RF 7OULVAEHES

RF 7L A JEHE#s GEFR SLED) 1%, 774 A2 dD RF
% 2 AORRZEMERB L IT52LT B—2
EBIE 4 FIEmDDIHLDOTHD, SACLA TEHATDE
MERZ V=T 3o X — D~ LT FERE [T 12 B
SN AR O EME g O R 1112 B3R L Tk
V.4 FEAROBT—Rar N —Z THEIGER GG M E
EG IR TR SRS AT Dl | B S
Elpo TN, RO AL, 22 ETCOMEIIA L
B0 7T, IEEOaZANIEZ X570, b T
HA L Lo EfE s s EL ., BRE T o7,

Figure 4 [ZEMELT-EMige DG E L HFSS TatHEL
7o IR 22 1 BT T D EE 5 43 An Ao d T, IR 24 O RF
E—NRX TEO0,1,20 EE—R &L, ZERD VAKX (N 152.4
mm, £ 578.3 mm) iE 5.712 GHz CTHAEL, F/-fho
FT—RENBEESND LRI 72, 22O R igizid, T™M
RGBT D7D OBEFRTE A JE FIZHRY . B
13, X AT 7T LERDOTF 2—F — K255 7=, SO
DOUARITIE, B LA ST DEA 20 mm OFES 70
2 R BTV D, REGRIE, A O H THIZ34g/2
DO TR TEY, TEO,1,x T—FREHIELLT<
LCWD, FEA BT D JE R L > T+, XD
JEFHERIE AR 3 mm OfEH I EL TOD08, 21 Th
FMEITITHR KT 50 MV/m OEENSEHOZENEESH
%, T TR BRI E L RS E Y B, 2 B
2l 3dB ATV RFEA AR IS AL, TEfEgs &L
TEET 2,

PAELTZJEREZSOIKTE /) RF H5h% Table 3 [2F LD
%o ZEIRBEARIO RF JIE T, AL 0B+ T
LZERD Q EAMED 7278 Uitz L TR & &
BT, L LEEAIZ Q EDEREHESDMEIZAD ., 7%
BENREBVBETLEST, 5% ORERZIL,
RF I EDFIEZSEL T 5,

- 768 -



Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan

ZHHDOE M AT . SACLA DT ARAZ U RIT T,
KEIREREIT -T2, K 500 B Oa T 4a=7
R 50 MW, 2.5 us D7 FA A )% VA
HELE—2Z T 350 MW OH ORELNLZE, 2Ok
RRCTLEL CEIGRN CTEHI LML, B LD
LA, 60 Hz JE#HARGC 1 HIZEK(RIFLEE CHY [
W, HCEESOREEEEIC LD X B BLIS LT, EfEE DAL
HNCE DTS XN E MRS,

F7o, ZORBRICE WL, Efgas 0 TS, 4 E
DAFFA T I THIZIERTHTED 3 FA—NMlsy
flgs L, N—7 R — AR G (RF By 77 )
HEXE L CIEEAIT o7, EREDORED <, 350
MW DK ) A3 550 Tl L T LW LD
Rz,

' | Resonant cavity
L= TE0,1,20

E-field distributio?

Water header

52,4
8 Detuning groove ¢
| (5x5mm)

3dB hybrid

coupler

Coupling part 5‘ Max. 50 MV/m~ <3 Lry, &~

3}\7?37/\2"

Figure 4: Photograph of the RF pulse compressor prototype
(left) and the simulated electrical field distribution (right).

Table 3: RF Parameters of the RF Pulse Compressor

Design Measurement

Resonant frequency 5712 MHz 5712.028 MHz

Unloaded Q 190,000 186,000 (98%)
Coupling B 12 16.5
VSWR <1.1 1.04
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Figure 7: Photograph of the C-band 800 W driver amplifier
(left) and the linearity data at the factory test (right).

3.5 1K JIRF %

BT DT VX VIR O 5 THD Micro-TCA.4
DT 2— v v, 3 I NCHREEO E v
AT BEREETHIEE BIEL TS, REOEFHITIQE
A, 250 Ms/s FREED @R T VXA D DAC
OO HH{E 5% Rear Transition Module (RTM)IZA )
L Vector Modulator TEFL TH J19%, £7=. RFE &
OB HIE. RTM T ay R— SN E542FECT
THAYD ADC THIET D, 7 VXA IS
FPGA TIE 5 DOMELCH IEZTTV, £274—R 307
FEL B IR ITITHOZEN TED, Micro-TCA.4 DIEZHT
HEREEREL 1 DDEV2—/LT | 2=y MyDZEFHE
K (B K 8 channel) #1792 LN CTED, IANIEDT-
B, 2D Micro-TCA4 [Z7T7A AR 2 2=y NI 1 &
BliE 9 2Z8E L, Wi D7 T A AN AT U CHilEET T
9o BLTE . A L7 DB DOBEZRIZ DT PERE D FEAT
RERZIT->TRY, FEHII[1422 DL, Figure 8 12,
HBREATH> TWHEY 22— LD~ T,

Digitizer
(struck SIS8325)

Micro-TCA.4 crate RF frontend
(struck DWC8VM1)

Figure 8: Example of the Micro-TCA.4 modules.
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