Proceedings of the 17th Annual Meeting of Particle Accelerator Society of Japan
September 2 - 4, 2020, Online

PASJ2020 WEPP35

SuperKEKB ICH 1T E—LO—T 1 Y JICREAT 3HtARAAREL 2 E T3

RF 7« —

RN O DIREE

VERIFICATION OF RF FEEDBACK TO SUPPRESS LONGITUDINAL INSTABILITY
DUE TO BEAM LOADING IN SUPERKEKB

TRFHHIRE "

Kazunori Akai*,

AIERER, /MRERL, HRPETIR. PElAb %
Atsushi Kabe, Tetsuya Kobayashi, Kota Nakanishi, Michiru Nishiwaki

High Energy Accelerator Research Organization (KEK)

Abstract

SuperKEKB has been operating for physics run as Phase 3 commissioning, following the first beam collision tuning
conducted in 2018. Design beam current of SuperKEKB is 3.6 A for positrons and 2.6 A for electrons, respectively,
which are about twice that were achieved in the predecessor KEKB. Key issues for the RF system include measures
for heavy beam-loading on the accelerating mode such as Robinson instability and other related matters. In addition to
ordinary amplitude and phase control loops, the LLRF system is equipped with direct RF feedback system, which reduces
effective impedance of high Q superconducting cavities, and a damper to suppress the zero-mode beam oscillation. This
paper describes analytic calculation and simulation of the zero-mode longitudinal beam dynamics and stability with these

loops as well as measured property in beam operation.
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ZMD) 7% ¥ ##HAAATWS, DRFB & f ZMD Zw

* kazunori.akai @kek.jp
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Table 1: RF-Related Design Parameters of SuperKEKB

Parameter LER HER
Beam energy [GeV] 4 7
Beam current (I5) [A] 3.6 2.6
Total RF voltage (V.1) [MV] 10~11 15~16
One turn energy loss [MV] 1.76 2.43
Beam power [MW] ~8 ~8

RF frequency (w,¢/2m) [MHz] 508.9
Synchrotron freq. (wso/27) [kHz] 2.4 2.7
Cavity type ARES  SCC/ARES
Number of cavities 22 8/8
Number of klystron stations 16 8/6

RF voltage/cavity (V) [MV] 0.5 1.5/0.5
R/Q of cavity [€2] 15 93/15
Loaded Q (Qr) [x10%] 2t~ 3t ~5/2f~ 3t

Tfor klystron 1 : ARES 1 stations and ¥for 1 : 2 stations.
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L@:UWQQL@t%ﬁ%E%®wwwnf\t—
LR —F 4 YTDWEERT, Eq. (1) BALEREFF2
72WgefE ¥ LT, Routh-Hurwitz O Z2 & HH7% 058 12
X0 () tand) < 0 22 (i) Y sin 20 + 2sin ¢, > 0 {5
54, Robinson ZEM DML LTHISNS [2].
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F O A Z T, BESN O IZEBNCHZ S
—75. Z&t (i) 13w B static Robinson limit T &
D HHEEN LY — LAERTALEL RS, ¢ &
by — /2 \ES AU EASD . X BICEL A 7
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BEIE THLREVWESITAFIA—XZHB LTV,

from
RF reference line

HER RF

Zero-Mode Damper

klystron

>

Inner loops for kly.

D11 (SCC)

DI11A station V main

Vdr ﬁtl

VF B
FB cont

Ve ref.

Phase Loop
Auto Gain Cont.
Anode Cont.

pickl up

W EE
L

Vd-ALC | Direct RF B

Figure 1: Schematic view of LLRF system for SupeKEKB.
Green colored part is for one SCC station in HER. Blue
(red) colored region shows HER (LER).
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Figure 2: Vector relation with DRFB implemented.
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il 2 1¥ momentum compaction 23 2 fFRKE WA ¥ LT,
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Figure 3: Coherent synchrotron oscillation frequency and
damping rate with only SCC in HER.
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Figure 4: Coherent synchrotron oscillation frequency and
damping rate with only SCC in HER in case where wy is
twice the design value.
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Figure 5: Coherent synchrotron oscillation frequency with
only SCC in HER for various DRFB parameters, calcu-
lated by Eq. (1) (squares) and from V}; vector as restoring
force (dots).
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BITR o0 Gpp¥. Gpo® Y TRILEN 2 EHKIZ RE
ED B 2ZEHAND, H BV — L0 5 28A~ND, RIEM
i AEICBE S B transfer function TH b, Ref. [10] ' T&E
MM h7=%EFRIZ, Eq. (2) ##H LT DRFB O#hR
WO ATz, £/, PLL, ALC XU ZMD HD 7 14 —
RNy ZHIf#EIEE (KA FBC & ZMD controller) O
FrEix, R&7 4 TEBRIGEH L EZ 5 2 72

>3 alb— a3 rTiE, MtHD reference AJJICAT »

TEE G Z RORBNSEN TR EIN S, AT v T
INETHE LIREDBET 20, KLU TERT 55
W2Xko T, BE/NELEDHIM & 35, il LT, Fig. 7
12 SCC ® A, DRFB # L. ZMD OFF, ¢L = —8 deg
DHZEDE — il HE RS, IRENIE — 24 700 mA
TILELHPITHEL, 770 mA TH2AS5 CTHET S
A3, 780 mA TIXHICHERLTW3, ZDHAE. 770 mA
PEERR Y AT, IREIOREFEEIIN 1 kHz T, ws
DI 1B ITET L TW5b, [FRRIZL T, DRFB % ON &
L. -6dB. -4.5dB. -3dB O&F A4 VIIHLT, 5T

! Ref. [10] D FHHRIMEMA op DERIZ. KRXD ¢s £ 1& o =
bs + /2 DERICH 2,
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Figure 6: Block diagram of RF system and beam used for
simulation. DRFB is taken into account in G’s.

ZMD 2 A LG EITOVWT S, ZAZFNEERA L
BRAE—LEBRERDZ, TNHDOFER%L Table 2 1I2F
Y ¥7-, DRFB Q%R TY — 4 LIRIE - (i L— T DT
BB ENE 720, BEMRAROEBERNPAKELXEBZIN
TW3, ZMD OIERJHFS 2R Z TV 5,

700 mA

| 770 mA

780 mA

1 ms

Figure 7: An example of simulation results. Step response
of beam phase with only SCC in HER without DRFB or
ZMD.

Table 2: Simulation Results of Maximum Beam Current in
HER with only SCC

PLL and ALC gain = 100

DRFBoff -6.0dB -45dB -3.0dB
ZMD off 0.77 A ILITA  123A 142A
ZMD ON 0.99 A 141A 153A 170A
PLL and ALC gain = 50

DRFBoff -6.0dB -45dB -3.0dB
ZMD off 1.07 A 1.59A 179A 2.14A
ZMD ON 1.30 A 198A 224A 268A

PLL ¥ ALC IZ2OWTiE, A4 V&2 T3 L RAEM
DM 2 EABASNEN, FIFTE2 74— 1
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Figure 8: Calculated (dots) and measured (squares) fre-
quencies of coherent synchrotron oscillation with SCC and
ARES in HER for DRFB off, -6 dB and -4.5 dB.

Ny 7 DEFRENKREL 25, T DHlERIH>
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HBHH, THIFTHROMEL LIz,
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2019 4F spring run OEIZILERTD 6 ARIC~ > >~
X4 A%BT, HER ¥ — A4 %{#i-T DRFB ¥ ZMD ®
MR EMWRT 2ARXT 4 2fTRo70 ARXT 4 TOEE
1IEHE RS X — &% Table 3 IZR”RT, E—LABRIZZFD
R TOEZEMREFEOEREFEZHZRE L., &K 900 mA
WCHEIR L7ze ZMD @ 7 4 L& — B — FhitEE
AR T 4TSN - THEL 72, DRFB 13574 > AiHD
PR Y — L\ L TITWV., -6.0dB GEEEEEDE) ».
ZREDEW 45dB ZREZG LTI D EZ 7=,

Table 3: Machine Parameters at Beam Study in HER

900 mA

1.35 (SCC) / 0.425 (ARES)
-8 (SCC) / -5 (ARES)

off, -6.0 dB, -4.5 dB

off, ON

Max. beam current allowed
RF voltage/cavity [MV]
Loading angle (¢1,) [deg]
DRFB gain

ZMD

2 &5 4 TIEx¥F. DRFB. ZMD \W§id OFF DIk
BETr—a2tuhoiEs bif, ARZ L 7F54
Y% T Coherent ILFZBH L 72, ¥ —2E RO
EHICIREIEDME T L, IRESHE ALz, EIR 675 mA
H7- D TIREBSZBICHEKR L, Z2h Dl LoEREITER
Mmolz, ZZTC—HFH7RK—+L, ZMDONIZL T
HAED 5, 900 mA X CRIERCEETE -, KT,
DRFB %% 4 > -6.0dB T# A L. ZMD OFF ¥ ON 0%
NENDOEHTE -2 2 sfEA EIF. Coherent HE
BB MRIEZHIE L7, X512, DRFB %4 >~ -4.5dB
TH I ZMD OFF ¥ ON THIE L /2o WFND
EBTFAMED 900 mA T —2Z2ER/TER, Hic,
DRFB ¥ ZMD i/ ON O5EE, A4 KAV FiEe

ACEBMITERWEEICE T, IREIDIIH X iz,

M EoflETHE & N7 Coherent IRENE %, FHEMY
YHICFig 8127 my b L, MTRLET— X,
SCC ¥ ARES @ V, X7 F UMD 63RO 72EHRETH 2
(35 3.1 5MR), & T3 ARES ® DRFB (% 8 55X
TITHEA L TWA 2, EFIIZ8ED S5 5512 DRFB
BEFINRTWE, RITHATRLET—XIGHIEM[T
HD. SCCEETARTY ARES 5 &>\ T, DRFB O
FAUERERFRCMETH S, DRFB ON ¥ OFF DWW
NOHBED ., WEXNLIREE L FHEEXRVW—HZ2 R
LTW3, &8, FITRLTWARWS, ZMD ON O54&
DIRHEPEMIX OFF OIFH & KER 1272, ZHUE,
ZMD 23T & 3 7217 reactive 72 /%50 = i 7-3 . IRENH]
WERKOMBERED LS IZMEFAR L7720 TH 5,

BEMICONWT, H32BDY I 2L — a Uik
H.1% SCC BT DRFB # L. ZMD OFF T!Z 770 mA
MWEERRTH ol —HAXT 4 TRHEIBRD X 51
DRFB f& L. ZMD OFF TiZ 675 mA TAICIREIA
KU, Zh EZEETE D) o7, ARES ZEH & D3t
FEREENEEITHEIID 2D DD, ff TEEOER
TR D SRR Yo — R YOI Bl
D BEVERTHIBEINS 2HdHZDT, THb%
EZRTarr, YIal—YarveHlEfEOBICKEL
FEIZENEE X%, £7/-. DRFB » % \i ZMD %%
ALESEEE. I a2l —a VSR (Table 2) 13&5E
FRELDI 000 mA ZHBZ TWd, AR T 4 THHFAEMD
900 mA FCTHIEL S EMTE =,

5. F&&

SuperKEKB DfliEE— FADKEFREL —L1—F 1
YCHERAT 3 E— FOLEEZ. FEHECT -
V— AERERICY > CTEERLR#D—DOTH %, DRFB
K ZMD 23t m £ — FOEEICER 72 35%E %2, Hin
HENREY I 2L — 3 Ik o TRE - MAHRIEAL —
THEDTERNIIFENM LTz E—2AZXZTF 2 TOHIE
BREDIFEDORWIZ IR TE, 5RO — BN
HE O FaE L R e MR ST,
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