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' .
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ZDlD, &.@H—rﬁﬁl (QL/wo) \Z filling time & %
MEN %, 72720, BEEFEIALE—D 1/2 F
WHHIT 2 DT, F F“CT\‘?Z filling time 1 Z D 2
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1 1 1
— =4 4.12
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DB QM Qoxy 2> T, ANFEEEBROREE
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QO Pext
= = 4.13
B Qext Pc ( )
COANFECED., Bk T 2 X512, B—an#ExrE

25 FTRIEHICEBERAFIXA—-XTHS, ZIT,
Qo 13 (4.12) BEUR (4.13) 25,

Qo = (1+58)QL (4.14)
Y HRES,

ZIZTER, K41 I2EY. AJ18Y — P 232ER
WIERAZINTEEE2E2%, 2O, FTERL
72 ANFEETE B & 22H D KEHHE T i id xR o B %
D5,

B—1
.= 4.15
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COXDPHT15 K512, =1 DRHIIRANEO0 T,
ANRT — P PFRTEFNTHEZI NS Z I
%%, RERT X RF GHAIGTEZICHETZ 20
TRREZZHPY, BHITHETES (K543
B ANFEEENTIIBE, 7272 U BB 22 3 1
DIFIZ D),

p =113 (4.13) 6. BHHIRINC X 2 RER
(P, = 0) IZZHAPMHER e AT TW S B L
S BHEEE (Pow = P.) ThH3, ZOHAEIK. A
NENBZ RN —IFTRTEFANTHETES 221
Kb, 5 TRHROVWEEIEKE L TER LY =234
FNbd, 1220, E—afidEETIE 8 =1 Tk<.,
1 XD RERMBEICKET 2 (HASE),
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BRAIZ, B>1D5EE TF—N=hy TV
T B<1DEER 17V B =y TV 7] w
I

Pl &b, g (V. 22 7012) ICHE RS
FRXA—2EBMT e, FTRMETD 2HELK
(4.15) 226 B ERD B, Flo ARZ MLIBOHIE
(i) 225 Qu HFHh D, Qo BRDHMNZ, THL
T, A& — rHE GR(4.3) wEhillgxhtn
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XD VL HKE B,

BIRIE AR ORFRD &
_(B=1Y
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4B
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DT, AT — P 2V, OBFRIEN (4.1) 25

2/ B R P
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COETIE, Bl —am#ic k280 EEZ 5
HlEr LT, HIRB™DA v ¥ — &> 2R (b, 4R
W D JE AR AENE) 12D W THEAMli[EEE € 72 v
THtHT %,

2O EBEBREE (A4 v E—X v R) &
Maxwell FERXFEOEBEWG M r»r oEXHIN S
2 GHED OHO 7F X +28), EFHLEIFEAED
e, SRS X 2R o TBL 2 e EH
12725,

RAIBNS K52, HIREREFRIE, I F v %
VR, A VERIR (FREFhOER%E R,C,L) DOilfi
FIEIBETRE 2, L. EEORTL4TIE. K
A1 DESICT7 4R Y2 5DBENIEIRE .
AEBHLUANEASREN L TR SN S, 2D
LDORENRT =37 74 2 b I3 E LRV X
SWCHoTVWS (F—Fa2L—&RIZEXh&XI—n—
RICINZN D). 2D &S RIGE, REMICZERD
FMEEIEN 51 OXSICRT N TES, 22
THARFEBENE wo = 1/VOL TH %, dfillZBE L
Bk [1,20,21] A S LTHEZ /WA, ZOT7F R b
T ZOMREZFHLTUTOELED 5,
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% ARF
Zin -

K

5.1 ZeiidlRds o S fiila] i

5.1 D detuned short M & . HiRes D E1E
HEEHETEIHDTH D, ZHIHIRB D S5
PRZITNERF L TWEGE, BHEENIEEKL

11

b, ZOH (B short, B3 open) 723 »
Fie MBI 2 2 2 EKT 5, FICHRIFO A
o (FEfiEE ED) EHRD T, s BIXERED >
AT L TY A detuned short M ? €& X B 0HE
I E TR,

ZDTFAMTIREL . BB, BRERER (0
THEELEIES, AR OBEEICOVWTH~ A 7 ik
TH¥O#HREE (OHO 7F X FTld. Xk [22] 7»
¥) THERLTHEHL 22 BE#HT 5,

51 HIREFOANDTVE—L PR

X 511BVWT, I & RF YV —R (ZEHADA
J1) RL., 2R X O EFABE V. XN 3
55, ZOEAE. FfiEEE T A & J 7220
A V=R VR Zin(w) = Ve(w)/(w) &, @I
Ro, R, 1/jwC, jwL OMHEEED A4 ¥ =X Y A%
KDIUFZEW,

T, ZEART X —& e EEER I

> >
— -

Ry, =2R (5.1a)
QO = WQRC = R\/ C/L (51b)
B=R/Rg (5.1c)
DEfRDIH D, ZThoZHWE L Zih(w) &
. Rsh/2Q0
el = i(2-2)
QL w
_ sh/2(/8 + 1) (5.2)
w wo
1+JQL<‘—>
wWo w
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% Bz HREBOA Y =XV R Z,(w) 13,

Zefw) = ——T2 (5.3)
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Z 2T K (5.1a)(5.1b)(5.1c) BRI DWW TfiiH
WHIELTEL, 20%HE, HIBRE w =w) & X
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T, RN TIHBE SN 2E I VZ/2R &, K (4.1)
WORT Ry, DER (EAMHEES) 2o, K (5.1a)
DEAGRD T H %6

RICEHBLANF— CV2/2 &, K (4.5) 1ITRT Qo
DER (BFHET ALY — L HBEBEHOMKR) »56. K
(5.1b) OBfRICR 2 (MH AKX DBFRD &FE T
bRV,

K (5.1c) oW TIE, ANKEEE 8 HR (4.13) &
D, ANDBROVKIZ Py & P, Ot (Ry ¥ R TH
BXNZENIOLL) THEZehd, ZOBGRNDTD
%, ¥, BTHET 2 X5 KSR offRIC
2%,

TEZ 2T, K (5.2) KE- T, ZEfHA Y E—K >
2 D PO R 2 fHEICHIA L TH < UT
IR 2R, R 3 ©— A AR R B T 5 R
WHEHIZKR %,

B 5.2 &, FEERE w ZBEICLT Zi, 27
0y FLZDDTH D, MO EHIDIRIE |Zin| O 7
oy FC. Tlo ey AR Y = arg(Zin) =
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EHMEIN S,

A V=RV ADREXE, K520 LD k51
T (w=wy) TE—22RTHDHEEOFICK S,
FLT, =20 1/V2 ORU—T¥%5) 722K
Bolg CGHRFAEED» 57%) Aw id Q fEICHAEI L.
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RToN

(5.4)

DRI H %, 72721, 22T QEIEHAIcE W (3
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RN HAR T = 7@ T2 n) L v 5k
fF (Aw/wy < 1) DB L,
w+ Aw wo 2Aw
wWo B w+ Aw - wo (55)
LEPILTWS

it o (K5.2 F) iI2oWTTH3, KD XS
WHARMT 0122 % (MEEPUICR X %) 25, HiRS D
53N5 e, JiEEEDNMMHIE AT L o 3
Nz, £l g2V, X (5.2) 25

tan v = tan(SZi, /RZin)

(5.6)

(2]

w

X 5.2 HIREEA > ¥—& 2 ROREEREEE (R
&, iAH)



TH2DIZennhd, (€oT. RFPELHEIFT 7/2
o —n/2 OFEPHTENT 5, X (5.6)(5.5) » 5.
HIRA (w = wo,p = 0) DAY TIEINMHZEDLIZ
FEMRT, ZOEXI QEHMTLIEEAS, &
W W52 TOXIIT w = wy+ Aw ITBWTHAH
(tuning A) ¢ = +7/4 725,

Z Z T,

Zin &\

X (5.6) ZHWTH (5.2) 2EET 5 L

Ry, cos Rt

Zi (w) = 2(,@7—%1) (57&)
R ;
:Mﬁjn.a+e% (5.7b)

Y155, EL. 22T =20 Thb,

ERED, w ZEEERD Z,(w) O 2 E
RPHIZTmy bFde, M531Xk5, ZHIEK
52 D250 7vy b%, w T parametric plot L7
BDIMHLET 2, ZOXSIHPEZ 0925 00 £T
ZAL L 72RHS, Zip BRETE DS, AT Im #lic s
THMEM,

wo+Aw o 20,

HARFEIK A > ¥ — & > 2 DOEZEH T O

5.3

53 H2WVERK (5.72) o5 k51, HiR
B3 Nb e, tuning itH WG TA Y E—XK

YADREE (TibbREERE) IHIRFROY—
7 XD cosp TNELBBZehahrb, LT,
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TO0 &R 5,

Dl ksic, #RETHROBMEINZELE V,
DHEMEDBANES [ D —85 2 (=0, F
BROBHIEIUCRZ %) BERXRDMNERIEND
bbb, £, HiRMD S TGS, V. OMHEIR
AT S ¢ 723 F T (tuning AZREB). £
DEFIEFE =27 &D cosyp TNELK b, ZTHhHdD
MIENEDEIOFHEE DX 20, BT —LHAME
EZLEEWCEBEREAL Y NS,

5.2 HiR[OIEE DR A5

Z ZC. HIRMEEE O ARHE VBBREEAENE) 12D
WTHHT %, ZOHRDOT—~IZBWLWTIX, EH
EBHFOREICKR D Z VD, KRS
ZEtRifich x h R T, ERBSENL
TBL,

7 7],

54 BMEAL DV —X VR Zy DIGEGRE % Bl
A V=RV R Zy, TS

TP e LT, M54 1R T & 512, (ke
(R4 v e —=&X v R Zy) . Bfiif Y E—X X
71, TRIGENTWAEEEE X %, AMADAGTE
£, BIREB L OKHEE. Bz zhzh Vi, L,V I,
E5re. REMRET = I,/ 3.

7 Zg
7+ Zo

(5.8)

ThHb, ZORIF. UTWECRTREA v E—&X U R



DEFEL . KIHICBIT 2 EEEROERPSEZIC
HT<L %,

Vi = Zol;
Vi =2Zol;
V} +Vr= ZL(Ii — Ir)

(5.9)

T 2T, ZEloE b (X5.1) 25 Zy = Ro,
7y =Z. 2 LTR (5.8) KRAL., R (5.3) %
TADREHFE T (w) ZRKD B &

(5.10)

BELND [23l, 2 ZTK (5.1a)(5.1b)(5.1c) DA
FRHBLAARFAHLTWE, K (5.10) Bbbe>r I
BB >T WD, L2, ZOEERELDIEZS
BT VWO THROAZEL L TS,

FioxR (5.8)(5.10) KBWT, HRH w=wy (¢ =
0) T, X (4.10) WRTANKEEE B & 2276 5t
DRI 2 Z D305 (Z 5725 K 5 &[]
BPERINTVDS),

N (5.10) &b, BFBFIIZ T (w) (wEKIZX 2
BEF) Z27my b5 de. K55 DK51CHZH#<,
JERH o DRSSO R EZITHYT 5, ZON
oD HERATEIKFPERDITRDE Z DTN 5,
B =1DGEHIRATRH 0127220 BEHZh S &
REPEES, w—0FRlEw— 00 TED — -1,
Tbb 2R TAMHED YR DT short Uil Y 3
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Wi b, KHFD O = arg(T.(w)) 25 (AINTHF 3)
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RN TR B

5.3 @ENINE

CNETOFETIX, EFIREIZR > 25EITOWV
THALTWS, Z 2T, ZBH LR ~O&RA
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5.5 HIRFJORKMBEK To(w) OBERFH S

oy b (w2 & 28
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il HL D 72 D I HARJE I ENI A RF JEHEE E — B
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¥3. RF XU =230 ORE»SH. A7 v T
ZERANDALE LR oTHETHE, K56 B
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~
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% 1.0 gm= AFI(VK) gt e K
-
£ ZAV)  e=wI-T 2
o8 -
/ = =
/ K& (V) B+1
0.0 ‘ ‘ 0
0 50 100 150 =200 250 300
Time [s]

X 57 R7v AT EEFADIEE (7>
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WHEBEL, 12 L, A=nN=D v TV TDOHAE
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% 1.0 « AB(Vk) == 90
. o= — U5 EHD /IETHD
g ZE5R(Vo) RN Z
= 20, ‘=
0.5 = REH(Vr) @
REHIAE
0.0 ¢ '/ & 0
700 750 800 850 900 950
Time [ps]
X 5.8 AJ1 RF 23BN Y7z R 0 22 I %5
(A== 7Y TDHE
___gzx:g I\;\g)l?t ‘ ---= Reflection Phase [deg.] ‘
== Reflection Amp
2.0 . 180
» REHAE
£=0.8 =
15 (FYI—HyTUVY) =
2 s
g TRV Vi B g
<« 3
05 L R&$(Vr) g
0.0 ! | ‘ 0
700 750 800 850 900 950 100010501100
Time [us]
5.9 A1 RF 2BRERNC YN 72 K @ 22/ I

(v R—Hy PV TDGE

Pr,oﬁ~

Pext _BPC _ 462

Py

Pk Pk o (ﬁ —+ 1)2

(5.12)

L%, 1Eo T, IRIELE (REHMRED 1232 &,
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R 2
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o NYFDIEIZ Gaussian (IE o) BIREL. Fh
FRDONYFITENI RV TR, Y —LAERD
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1 A
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9 Ty /2 '
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wef = Mwy, = 2mm /Ty, (m 3D v FiF 5,

Z 2T, BE— 2RI S % B E 2
50Lﬁ(*¥%*¥£ﬁUV7®FA)Wﬁ4V
Y — & 2 2D 5580 (Q EIEH7cEn) D
T\M£H&ﬁ®mbkw%%zmuﬁm(::f%
RE— RIEEZRWV), /2. Gaussian N> F DFf
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DJEEEE 7 1E RE BB AR THamEw, Zh
LD, w15 BE, Y — A DI ZER PN RS
L. X (64) &b

2 2
Wit 0t

)

ib(wn ~ wrf) ~ QIb exp <

~ 2T, (6.5)

i3, ZOR(6.5) B ZOHOMMTD %,

PlE. WA WA it L7d, fRor 25 Z0f
TIREAZVWAREZS Y L TROED H 5,

X 6.4 OFEMERKE T LICBWT, E—AERZ
RF E5 R CAEBEN T & LTHw, ZoRKES
(RE) 1% 2, CEEERD 2#%) e TERV, £
72. E—LDFFORRT bLIE, IBDRVERARY b
VT, NV FREIRRICHE - TRIEAN (i 2 <2 k)
1274 %,

7272 L0 NUF - b LA UHER OV RN 2SR
iR d 2 74— FlzonwTld, &b — RN E#H
BHY . FHMESEH [1,20,21,24) R RS L
TIHZ720,

6.2 E—LBMEE Optimum Tuning

3. K 6.3 X512, synchronous fifH ¢ THIH
ENTVEHDLT 2, I THEFELV, OIRIEL
MR T IC—E IR Tw 2 (flxhTwn
%) &35, BRAICERY VI DA, ¢ 1d B —
LD—JEIZBIT BBEHHER Uy t#IDES L5120 H
PRI F B EIENMHTH 5, 1> T Uy = eV, cos oy
ThHb,

Y — 42 E L TV 2 58 Ol &€ 7 LI
6.4 DK D, HIfiORMRED, HRT 2L —24
BIRMORE=XZ, FEIERL O 25 TH 5, 72720,
MRS 2D TMHEEEZITHHT AR S, 25
U TR g, RE R ENE RF B w = wy
LT, XN BT, wr T34 Y E—XK
YAREDOREX (>0) iR T (EHRFHR O
N7 MLELT) BEXHIENTE S,



U, =eV.cosg, Ve g

/ }E bunch
\/ 0 Q:ﬁs\/:wrf !

v,

6.3 synchronous f#f ¢s THIEEFIZH S N

VFE—L

ot oyt =0,
AFIRFe=3p— ZH =t — LR

Ik -2l
Ro R| Cf L
& 3 s T t|lvE
jw, et R —5 ¢ j(w -tfcb.)
J If o|= ﬁ e f vs
V.=V +V,
6.4 ZHAHIRIFOEMEIKET L (¥ — 2 hNEHE
DEE)

Z5FTBLBABLE VI, 77420y 2oD
AT —IZKBEE Vi & E— 20l d 2 EE
Vi, OF bbb,

V.=Vi+Vj (6.6)

TH5 (FNZFNOBEFIIIEEZ SR FILE),

ZIZTEY. HRABED RF BB LT
WEAEE (W = wyy) BE X%, ZOHIRE (AN
HERT., $kb5 ¢ =0D5E) B3 Vi.,Vi
TENEN Vi, Vi £F 5,

ZOBE. 794 A Marrs0#E A RF i
TEHRETLOREX Vip &, BRHATA VY E—X R
(K (5.2)) OBFEH» S,
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THs, TNEZRT MAKNIRLZZDHK 6.5 (B—
LDRVIGE) TH3, ZZTHRE—LDBRITH
BV, =Vi, TH2, ZOFD V, 2 HEEREE
LT, 2k (HDE®D) Vi £ T %,

[ On - resonance

Wy =W,
R,I
V :V = = sh” k EV
c k kr 2(ﬂ+1) ref
)‘ Vet
\%

6.5 wo=wr IBWTE—L4D2%L V, Vir
DFE. INENFEIPREREMEL & M Gt
%EE ‘/ref) }: Téo

CITRIRERE,» MG TEL2RRENEE R
3Y Po=1/8-RIZ/3 OBRIZH D 20, hek
(6.7) LD TR (4.17) THOEHAEN P 2
EEEOBFENIEONS, T TRERE—L0RVD
TVe=Vip £LT, HDTH (4.17) OBIfFREHEL
L.

~ 2VBRaxw Py

Vie = A1 (6.8)

THb,
RIZ, E— e 2BEDKE E Wy IZOW0

THHEERIC, FfMiEE T —2ahrb R/l v E—X
YA Ziy ERTROT, K (5.2) 6.

Ry 1,
Vir = 6.9
e = Pl (©9)
&M%, 7272 L. synchronous fiitf ¢ D7, Vi, &



EIE2 RS (K 6.3 ), 22T I B—E vV, =V,

(74 —=FRw 7Rz L) THUE. K (6.6) DF Wy = Wy
D Vie LOEF (RZ P 2EZ232., V. I3

6.6 DEXDICHD, RV #A Vs T N =V,

KO3 ‘f‘n%\ # f’ HH, x*% ¢S‘/ ‘/c VbrCOS S
EEREEE Vit KD TS0 TLEDe 2T Vig & b SN gy 7 .
V. T3 H (o) % loading angle ¥ & 9, Y, cos9, O Vi

V=V,

X 6.6
Vie £ V= AEEE Vi, £ OAEF

Wo = Wrf L\-j'OL\"C RF f’-‘)\c:i 5,?3}:—':‘

ZOEIIE, B—ai#E (B—2o8f[) 12k V.
BEDoTLES (MHEED D, fiHbE D>
TLEY) &, MR —2afMHBZEDD (X6.6 1%
RN T) L—2oBEPTERIARS (BLAKR
AOFEEIRFEICTR ), ZRFIEFEICTHETH S
72, BE7 4 — N ZHIEIFICED, V. 2—FE
(=Viet) KHED X DI I ZHIHIT 2, ZDRERIZK
6.7D&I1THhB, ZOEE, AR K 6.6 1R T
K&V () eRrbh, ZO0KERENDPRLEIC
2%,

HRAIZ, 6.6 K 6.7 DXSI1c, BEDRMG
X7 MV TRLUZD D% phasor diagram & FEA
TWb, 727201, @ Z D X5 7% phasor diagram T
. B — L EEE () 12 < 03— RIT
Hb, KTXFAPTIE, DA THD XS ITEMETE
% FUEIZHi 72 phasor diagram TRiHZ A 5,

XTI T, X6.7DIREIZBWT RF AT —
ERDTAHAD, FNFNOXRT PLDRKEZIZON
T. ZOR» 5,

20

.67 wWo = Wrf 0\-3’014\( E L\L;?TL"CV %‘?
A‘i ( ‘/ref) L\_'f%ofx_éb&\- Ik %ﬁrj”ﬁﬁ]bfu )ﬁl:lo

Vie cos ar, = Ve + Vir cos ¢ (6.10)

THBZLBHPHDT, HER (6.8) 75
_ B+ 1)? [Vet Vircos s’
A= 48 Rgp, cos o, (6.11)
&2 %,

ZORE ap IKOWTHZE, B La,=0Tdhh
3 P DRI D . ZDRICTOWT, Fffilmlg A4 >
V=X 2D E5.1H) ZEERA2L. XD XD
WbE X%, RFAN () o R 2 eEEEL V,
Do, PINHEP TR TODS (wy = wer D2 D

FHIRAICRZ W) 72, ANARY =23 R L
HEINTIEZBNLPELTWE (TRHPIETF
LTW3), ZhFb— &R (Wi ¢) 12 & bR
AP EENTNWE Z LI 5,

ZhE LRz 2 (IR28ETZ) Zeh
EZI B (KRERY — 2T ERTIEE
WEETHZ), 2FD a, =012k 23 X5 REMHIC
T2 THb, ZDOHIEF. Kb o HkICE IR,
221 O IR E B E % RE BEED 53 53 (detune
35) ZrTHb, Tk N2 detune THUIER
W ? B LIRITR T,



H B i 7% detune & Awopr TIHIRFE B ZZ 2
7o (Wo = wyt + Awepy, & L) HEI, ar, = 0H
D Vo = Vit IWRDEMEDHILT LT 2, 2D
& @ phasor diagram 13X 6.8 D X 5 Z&HT
B T Vi ZX 6.7 LR 2 & HEIRE
71 (Pe o V2) 3D h/NE Lo TW0WB Z e
5 (FIPZVWESICRZITHEIORMBIIRZ
W)o ZORE wee THIR L 725E D tuning M ops
i R (5.6) 5

> >
0 — «

Wrt wrt + AWopt
t = — -
an Yopt Cr <wrf + Awopt Wrt )
~ 2QLAWopt (6 12)
Wrf '

THs, 22T (5.5) LRAKRDELZITR>TW
%o To72 LAMMIIRIEETE D Z1IEDQ A E 3% DT,
TDK 6.8 TlE thopt BEDTANCZ > TWVWE I L

R,
‘/h = ‘/hr Cos opt
Vb taniy), = 20,80, __Yysing,
‘/b,r o " Wy Ve
4 _¢0pt
-0 \ V. %
: a, =0 r
— 4 Py— =
V- cos@; /_¢ V;: V,.cos¢ i
opt ..‘ br s
V.=V, cos e
r opt
Vk

6.8 ar =012%% &5 ICRHEIZ detuning L.
Ve = Vier £ 072855,

ZZTRF ANBIOE —2FERICH L THEX
NEEE RZ PV VL, W) I 22X 6.8 D &
IWCHIRFR DK (Vigr, Vir) 22 SAIHDY hope THT
W3 (BB 5.1 8B, /-, KEXFHERAL
cos Yopt TNE KRB DT, Vi KOV, 1. Zhzh

21

Vi = Vi €08 Yopt (6.13a)

Vb = Vir €OS Yopt (6.13b)

DEIRICD % (cos IFMEBIETL DT Yopy DFFFIEX
LRV, e, Vo =Vi+ W, (= Vier) BODT,
6.8%R2E, RTZ PILRITD O,

V:: - Vk COS(_wopt) - Vb COS(¢S - onpt)
(6.14a)

Vi sin(—9opt) = Vi sin(¢s — Yopt) (6.14b)

DEEFRAE D LD, ZHhe R (6.132)(6.13b) 25
(EABEBDO A2 M-,

Vir sin ¢

% (6.15)

tan wopt = —

BELND, 2 XD ERER detune & iX, K
(6.12)(6.9)(4.14) X b

. Wrf Vbr sin ¢s

2QL Ve
Rsh> .

SN Qg
<Qo ¢
ETUIRWZ TS, 2D K5 ITZEM detuning
WCED o = 0 WX LTENRTERS T %,

optimum (de)tuning & § 5,

Awopt =

- wrfIb
2V

(6.16)

Y EOFATIE, X 2> TWADT, D7
DI ap, = 0 DKZER LU TEGRAEZH Lzh, —fik
NI, o, # 0128 B R PLOBEGRD & R
ZITT, ar, =0D&MA»5. K (6.15) ZHF,

X (6.16) & b i#72 detune EiZ ¥ — A EBHRICLE
BlIL. (BTEETV Y I7OHE) B3 we L D/MX
{3 /ATH 5, F7- optimum tuning 1%, FKid
T AMENYFALENE (0E—F) 25 2%0%



WD,

U LEBOMEIETIE. Wh LB (6.16) 2EE L
TFa—F—ZHPLTVEDIFTIERV, Fa—
F—HEEE 2. BHAT (L) 2Ry 77y
TEES (V) OfMHZEZ 0 1IZfRD X 512 BBl
(74— Ny ZHilffl) 217725 T057%D, B—2A
BIRIIG U THEMNIC o, = 0 S, HARL
optimum tuning 28EH XN 5 (7272 L ¥ — 2 RLE
WreERT2LE2D o, <01CA7Ey PLTBL
DOIEET D 5 [25,26]), o T, FEFEROEIZHIC
optimum tuning ZEi#3 % Z 2 3P0, L L,
detuning B2 DL S5 WK - TWB 2 ERIICH
5ZIIRETH %,

6.3 Optimum Coupling & RF /N7 —

EE, RO optimum tuning 721 Tl A+
77T, B —AERIZISCTANMEE (8) &k
ELT 20BN D5, ZD B OFE{LIZOWTHIA
T 5,

541 BTz X DT, MEEE V. MR 2
72Dz, RIKBOEN P. BETH %,

F 72— 41X V. cos pg DINEBER 2T 5 DT,
v—2a CPIER L) 1852537 — P, &,

Py, = V.1, cos ¢ (6.17)

TH5, ZIT, ZHAMHGITHELR RF %7 — B i

Pi=P.+P+P (6.18)

i3 (K692, ok, P.=0TdhHUuI. ¥
KO ERART—N P =P, + P, P THEDIX
MK TH 2,

Y IAW, MU =1 (B— Lk L ORI S
0) WEDLETH, L—2aZIELZBICIZR G4
CTLES, BELRS RF AN/, ©—
LAFITED Qo D07 (P23 P, 7232 72)

22

PEEEIN-Y

R
.%J%iﬁi%j/J\Pk
=
Pr ™ ANiEEER
|
H =
A WEES
Ip Ve \
et K .
e—ns\ 7 H

P,=1,V.cosg,

ez i

6.9 RF ANIRU—t v —al#icBi)5HE
)\017_0)%8{%0

IHICRZ. B<1 (Z¥yE =y V) Tl
L5 REICRZ-0THS (BDEHRN (4.13) 3
), zofHR (V. kbbb P 2Ro7=H1213) K
(6.18) £ D %L D P B EIT2 5,

EEED k5. RF A5 R T Qo KU B 23,
V—2B8FICED Q) B ITEDboEkS IRz %L
T2, X (4.5)(4.13) &b,

Q/: wU _ PCQO
" P+B  P.+h
/6/: Q6 _ /BPC

Qext Pc+Pb

YEFE, TRy F U T B4k
. DFED B/ =11%K2 L% Bopy £T2E. LD
WL

Is
— 142

6opt Pc

(6.19)

BEOHNE, ZH% optimum coupling W5, Z
DEME. —BINCiZX (6.11) 226 B &2 AT X=X
IZL T, RF AT — P DT 5 5:40F

P _,

35 = (6.20)



X DE»PND,

P EoDiE b, optimum tuning ¥ optimum cou-
pling DM 7217725 Z & T, K (6.18) DR
(R4 0) Ziifd e TE S,

LU, ZZEHAD AT 7V > 7 B, gk
V7 NVRALTEETEBENT X —=RTIERW,
AL 7= 0, EEMD X FEH T 2 DB —KIYT
HbB, o THRINIT VA YEFRMEIZEDE TEE
LTHEL,

—F. E—24ER (P) X 0»rs7¥ A4 VERME
F TRV Z 2T THEA LT TV, 8RR
MG CTHEICET 5, WEoT. 7H A VEIRE
TX optimum coupling 237z W (RED3H
%) TNTD P, D KRITR ZRHCHRELL THL
IS DEEDIR W,

7z, B — AP EEDFED 51X,

B,
>
B P,

(6.21)
CHIRX N2 ZepHIshTwd [21], #E-oT, B
REDIZLTELIESIBRWV, BaAz, K (6.19)
D Bopt 1FHIC (6.21) Zii7 5,

SuperKEKB O #&EZEFClE. MHEEE 0.5MV
T P. = 150kW THhH., ¥4 VYERIIBWT,
Pb:600kW &B@fkii%@\ Bopt =5 Z 7250

—7., BEREZEFHO I L TIEEREPBHET
H 3, BILERFADEE. IMV OI#EELET P, 1%
10OW BBETH 2 (BlZI1E. Rean/Qo = 100,Qo = 10°
DEGE) . ZRUIXH L Py 1E. synchronous fifH ¢ =
60° T 1A o — 2L ER%Z IMV THLELZz T 3
¥. P,=500kW EETH 3, ZDOHE. optimum
coupling &,

B,

500[kW]

~ 104
10[W] 5 x 10

P

Bopt = 1 + 1+

23

ZHRANRT X =& | EAREZN B mEZR
Ran/Qo [Q] 15 93
Qo 1.2 x 10° 2 x 10°
Ve [MV] 0.5 1.5
P. kW] 150 0.012
B 5 -
Q1 2 x 104 6 x 104

# 6.1 SuperKEKB 7% A VfHIZB1T 5 ZE{{ 8 F
X — &

DEE 6 > 170DT, Jc (4 13)(4.14) 75)%

Qo
1+

QL = Qext (6.22)

%
B

7%,

TDXSIC, BEED B IHBIEFICKEL D
FNFT o5V (B DEE ZONTORETHBETE 201
THRWV) DT, MEEIX S TR K (6.22) D
FBD Qoxt (~Qr) THRETZ2DH—ENTH 3,

TIXZ 2C. BARIIZ SuperKEKB D # iR T4 E
RFEN[kW] HERF Y1 Y B
800}

PPy~

V=05MYV, ¢=65°

600

400+

200+

10 15 20 25 30

E—LEFR [A]

05

6.10 optimum tuning & optimum coupling
FFCBNTHREZEN (¢ = 65°) THER RF
X7 — (SuperKEKB @ HER J##£0 )



RFEH[kW] HERT ' > Bift

400+

Ve=1.5MV, ¢=85°
300+
200+ Pk
Pb + P(,
100+
05 10 15 20 25 30

6.11 optimum tuning & optimum coupling

BV TREEZEN (¢ = 85°) TRER RF
%7 — (SuperKEKB @ HER ##EDH]),

BRRE AT =% HTADZ, RO1ITERZEF T X —
RERT, 2L, HER OEIRICE I 3 B8
RF 7 —%[X 6.10, 6.111c7a vy v LTHA,
ZNZNE BB, BREZHHO%E T, optimum
tuning, optimum coupling DEEFTEHEL TV 3,
MEA Y — L ERT, Pe. Po. P.+P,. P, 2Zh?
h7ay bLlie, 2ZTPh=P.+P,+P. Th?,
INFETHRZLX IV, Z—EITT 57=DI2, P I
v — 2 ERICEBRZ S —ETH %, SuperKEKB T
. FAREZER & (5B 24 T synchronous fiFH1Z
20° DNMZED DL X5 IWEET 3 (25 T 2HEZ
N—Fv 7 DHE L BREEFOE — L8z
B L, BREZEHEDFARY —ZRIMR 272
HDTHDY, EHg - HlEICB T 2 ARENREB TR
W

X 6.10, 6.11 ZHZTH» %Y, optimum cou-
pling 2 &b, 7 A Y —2ERTRH P 2374 <
b, Flz, ANV —IZHEBNIC P, =P.+ P, 12
o<, Hifi TR 7z X 512 optimum tuning (& H
)7 2 —F -l X b E iz an s,

Z D & 512 SuperKEKB D HAZEZEFTIZ, ¥ —
LT — PoX P. D522 %, EIEEZEH DS
Bl B, THAT P BHHEWTINE VDT, 1FE
A =L T 2 U=t 72 5,

TIIHRFZIC, B D72 optimum coupling %%
ABVEEERTA S, U= ARLEMITE X0

24

CIRELT, HEZERATL=1058%, K6.12
ey bk, MEZRTHH»5 L5112, ©—248E
D 0 ORHIEED 0 TH 20, TH A VERICT
DR ONKIPFDREL LD, FRKER P DIRE
12D, K6.10 & EEANTIEFIHEIENZ & H35
D5,

T/ AT — P 3 IMW BLEREICR D, 2
TAAIRYOHUEEEZ TS, 20 &S BEKIX
TERW,

DB, KERE — 43I BWT, REF %7 —0D%)

RIWFIEEICEET, /- BT 2 X511, 20
Y — L DREMHICHEDN D

RFEN[kW]
1500

1000

500

15 20
E—LER [A]

1.0

X 6.12 X 6.10 {ZXf LT optimum coupling T
W (B=10) BE, FREREFETHER RF S
7 — (¢s = 65°),



BWAENTFAREM
KERE — 2B ¥ 7OIES AT JTEBWVT,
HFTERLRITUIR SR OWHEED O & DDBHEE N
¥ FAREEM (coupled bunch instability) T# %,
CDETIE. ZORENYFALREZDOOVTHENT
%, FHC. MiEE— FIER T 28NN Y FALE
HIZOWTE DS,

7

TTIZIARTWS X 512, EARNIZIZEERD OHO
T XA FTEL DBERBRENT-BEDFMZEINT
W35DT, AT F A MTIFFEH L, RERIGHRZ R
TR EEREMNCT 2, ROBHLIHIZ, &
ECHk [1,6,27,28] R ¥ ESRIEE 120,

7.1 Wakefield SNV FARAELEEM

RO 3 C B 22 [ % 7 2 sk (LA AT
ME 2 BHIGE. K 7.1 O X 5 IETAENSEXFRT
BIRDIED D D3 1/ WS h, EE (K 7.1 4)
DA GHEITHNCEE R BHIGO AR S [27).
SERERDO AL TOFLEELIHETD GEiRFIC
BB ED ), FRICHIRICEREZERI 20
NYF - =205 EDHIZX 7.2 127R7F),

TR AR

E

HEDIZE
E

1/
v v=cC

lo.

B 7.1 MOGERAVIE R C B 22 2 A S E R T
R @) 2E 2 B, AIOLEREDYSE,

—7i T, E—Aﬂ4f¢fk%@ﬁ%ﬁﬁéé%
BThr5E. 7.3 Lo k52, EfHEE L%
k%@%#ﬁtéhéoik\néﬁwf@of%\
2R D & S ISR (REieEia) 255 2 & FkkICTE

25

T2EF /E—LIX1T

. .

N | Z
{
\/ Mg ETE A0
(7.2 HfkSL FHEEZASF - Be ADED
7 4—JLF

WG S N5, NERZEFIZ NS F - ¥ — LD
ET2EMGDOA A=Y %K 7.3 TITRT, TDX
IR FHEME S 2 i DE 7 4 — L R
i (wakefield) €59,

U

mmm%/ﬁgm

‘ﬂnﬁﬂ]’fﬁ (Wake Field) ‘

@YD\UB

28K

d
Y

7.3 B —ADHHERIERTHINE (wakefield)
DA RX—=Y
ZDEIIT, NUF - V= LT % wakefield

Wk, #HETERT 2NNV FES LOBMHAIE
LdHWV, E— AR ZERIETLEIBRRZHE
NYFALERE NS, BBEAAEREDOE — L84
FXFERBRTIZ RV, BEROEVERE
L. #HZOFEIEHRIT/hE 0,

EZERE Q fE2 S < (BEV/NE S HiiGH1 R
{FD) 4 V=RV ADEVDT, N FROHEE
TERD D KREVHERE 5 X 5, 1€ THHEZE
ERDBEARRRBIFETD % LFARIC, ¥ — LEBRHD
REL BT, MEE— RITXBEENVFA
HENERZIHEETHD 5,

— I wakefield DIFNIF B — 21X LT E—



LM AT 2 5 2 #7711 — K (longitudinal
mode) & b'— AHNCEER ) %25 2 55T — R
(transverse mode) 1277 6, Zhzh > ra b
0 ARE, RX—& o VIRENCGEE R G X 5, IEZE
AOMEE—F (TMO010 € — K & %\ & monopole
T—F) BHESAZIOHN 25X %DT, IEE—F
WX DHEENYFARENRTY 7 m ba VREO
HWRICED S,

NYF B =2E3EVEBRBR T 2R o TWwWa 7%
B, T — R TR, ZAHERBOEXE— K
(HOM) i h s, ZhoDERE— Ridkkx
'R WEAMS. MAFRGT) 23H 0. FHEN
YFARREWEERITDOT, YR, LT 2 0EH
B3, BE. BRE— FIIMBCHERNDT, &
RE— RDAZZERD HINRITREE LT 720
WA ZRE LD LT (K733, SXE—F
DY —L\DEBEZNELTS (QE. 1 vE—&
YRAETFE), ZDDOMMEEEXE— NEER
(HOM Damper) &F#33 %,

— . IR BERINEE — FIXEEXE 2D
WX 0B WOT, NMEEWZRZ TR DAL F v
VNI EDIREND D, THDRREERDOT -7
25,

7.2 BEENYFAREDHE

FEENY FALEMRIERNCE S FHi X 2 2,
WOWTHRICHBIZE > THL, LLoEXE—F
BEBIIOVWTH, THRBEREZIIE SN
5DP?THbD, TRUITRENRE RO —
LIRENE (RME) o THEO#ES) TiHiizh s,

AN TFARERDPEE D &, REDKE XX
exp THRT 2, Z0HA, KNG CHEAAHED 5D
V) DRFHZIL 74(t) & Z DR DIRBN D A AL
o 3de,

£ (6) o exp (:) exp (—jést)

g

(7.1)

DEIRETERE S, T I T, 7 & growth time (%

26

RIHD) L W5, 7, 207! % growth rate
(RE#R) 59,

—7. E— AWENET 5N B BOBEH . B
R U — AREIDBET 2RI D 5, Z OMEH
TIREPBET 2HX LD FREWIPBET 2H
XDIEFHIVBETFNERWZ kb, Thbb, Z
DHESHEIRER (radiation damping rate) % 75! &
L75a.

-1

Tgl <Tq (7.2)

TH 5 e BEANRAW SRR 5, 7' 13H0E
HEZRD S TFFA VMEDRD BN B,

T, E— 2 PLEEORER 7, IZr D k512
RDONBHDTH5H, wakefield e Z TG
(Z ZTIRIEZE) o THiE4 =XV R Z(w))
(AR DBE) 2 oeHiix s, JFHICHEICE
Z.

Tl RZ (webi)

o (7.3)

DEIRBRICIH D, T T wepi 1FE—L0HOH
BEE T AREEORE (£— F) PIRENE AL
WWEoTkE S, o T, B©—2DFFDREEKS
DEBEICR S, S 7.5 HiCHHT %,

i, fEA =&Y RO\ T EHIZ A

o X

_;—

o

73 &1 >E—4 >R ¥ Wake Function

BRI growth rate OFHl ORI, wakefield &
fEA =X Y ROBRIZOVTE L THL,

RSy w RO — 2B [(w) Ik b, (%
TR & 3 —MEIIC) D % EEARIC wakefield 23
I, TOROMEETED w K57 V(w) IZ2WT,

(7.4)



DR TER 2545,
EA VKRR

D Z(w) &, ZOMERORE

re Op

HIEiCili 7z & 512, wakefield 1 & — 28175 [
(HE/71F) & ZAUCTRER TR (BTHA) DRI
FohenT, BEDNGFERD V(w) BT
B Vi(w) ETT N, ENERRIET 2HEEA ~
V=XV R Z(w), ZL TRDESEHPNS,

V“ (w) = —I(w) . Z”(w)

Vi(w)=—-I(w)-Z,(w)

CZTRIMEE—REZFZHRELTWVWE DT,
MEH TR E Z UL R W,

7.3.1 Wake Function

I (7.4)(7.5a) B\ XN 5 wakefield & 4
YE—X Y ZADM% (wakefield DIWV) 12DWT,
X {HISNBRE DI ICHEALTEL,

TATRT K912, AT T % BN g (= leading
particle) 23® 2 #iE K% it L 72FR D wakefield 1<
XD, BT EREMe DKL 2 NEEZ 5,

Z ZCHRFEPERER (r,0,2) 2B X, ¥ =234 7D
DB E 2Bl 35, 2O0DMEBEMEINEE v =c
T 2 T EATIZAED | leading particle, test particle
DT DA EZ ZNER (r1,01). (re,02) &5 5,
¥ 7= test particle 1%, leading particle X D z A D
FEEE s 7207 ICHENT GBNRLT) WB T 5, test
particle WRRTICH 255G s >0 TH b, £/, I
% t 128V % leading particle D z HHIDHIE 2 &
z=ct 3%, ZODKE test particle WKL 25 F
& WSO Fy. BOTTRDRIY Fi 20T S,
zrhzh

F(ra,02,2,t) = ek, (7.6a)

F| (ry,02,2,t) = e(E + ce, x B) (7.6b)

AR (test particle)m q (leading particle)
e v=c

\}6 (12,02, z=ct-s)

(r1,01,z=ct) 7z

|
s ;
| e
| !
- |

S

7.4 AT 25 EM (leading particle) 23l
#2 L7z wakefield 2 A D &R (test particle) 53
U 5,

CEITBE, T Te, X zHNTIH o TZHAIART R L,
E,B 221 Z 1 test particle DALEICE T 5B
LS (MOREE) Tdh b,

Z D J1% test particle DEH) (2 #l) 121> T (K
FOEBNDEERL) fE773 % &, test particle DT %
NF—ZL'PEONS, TN EME eq TH -7
b D% wake function ¥ LTRD XS IERI NS,
W - THETTA, BT Z e hd wake function W)
. WA

W (r1,01,72,02,8) =

1 oo
- F (r2,92,z,t: 8+Z) dz

€qd J oo c
(7.7a)

WL(T17917T276278) =

1 o0
— F, <r2,02,z,t:8+z>dz
€q J -0 c

(7.7b)

Y725, EATAENCH L TR ICE NS 5E (B
HE B0 ZIELEREIND, RERTOED,



wake function (X, EBROMAMVE &, HiRICHENT-
2 ODBEM DR s OREICR o T3, KRB
PHEZHE W(s<0)=0Tdhs, BihT5&L5
12, 2D wake function BHEEA Y —X v AL

%"y %,

ZZTHEIIL TV D m#EE— F (TM010
E—F) ROT, MtAMDAZEE ZIUTRW, $E|35(ﬁ’f
E£—F (monople) @ wake function (JJOFfE7}) |
r O WHKEL BN Do TWVWD [27,28], ﬁo
THiESTED wake function W) IERED r 1IZBWT s
VPAD): ks QAN

W (s) = E, <z,t =2 JCF Z) dz (7.8)

LET 5,

iz, leading particle 2SR BEM TR, z AIAI

BRI R \(s) TIADSD 2RO — Al -
7S Ea%EEZ5 (BE—L2EBEOMNEDD s =0), 72
2L, MEREIE g T 5, ERITERE IR
ErEd7zd0ic20T, 2O —20% (RFH
Zi) Zi(r)e$bLk.

i(r=t—2z/c)=c\(s=cr)

q:/)\(s)dS: /z’(T)dT

DEARICHZ %,

(7.9a)

(7.9b)

ZZT. ZO®Ehi(r) Wk hihExh sEE
3 oA ZIEE LT),

v(7)

:/OO E.(z,t=z/c+T1)dz (7.10)

THDH. oL, /718 wake function W),
HHREE N(s) DAY R 2 —> a3 Y TRELDT,

28

v(T)=
—/_Oo Wile(r — ™)A(s = er')e - dr’

- /_ T Wy lelr = i dr (7.10)

%, Thze7—YVIZWLTAHAD L,

/ W” // jw‘l’ dT”

z( el dr! (7.12)
27r
L7 BDT, Eii(r) D7 —1 TN
1 > .
(W) = - / i(r)eiTdr  (7.13)
21 J_ o
ThHrZrxEEzsr. K (7.52) 25,
ZH / W” ( l/)]e]UJT d7_l/
:/ W”(S)ejw%% (7.14)
DORFEESN S, DFE D, A YKV AL

wake function 1& 7 — V ZZHOBERIZH 5,

PLEWE. #E51 (monopole) D ADMHLIGEIC
DWT/R L7223, BN DOWT b AR,

s ds

Jw*

_]-/ W (s)eiot &
oo c

DEGEH D B [27,28).

(7.15)



Z ZT. wake function lZERE» HE B TH2 Z &
E.W(s<0)=0TdhsZrzEE2 T, KX (7.14)
BXUOKL(715) 2R, A - RITZ

Z)(~w) = Zj(w) (7.16a)
Z,(—w)=—-2Z7(w) (7.16b)
EVWOWEDD D ZEDTH B,

fllicd, #EA =X ¥ X, wake function IZ
. MEA A AT M OBRR ERER R E R o
TWVWAH, ATF A FTIREMRT 5, FHMIE EEI
B2 EEZZRUTHE W,

7.3.2 Loss Factor

% 9 — i, wake function (ZB# L T, loss factor &
AN 2 T XA =2 X b s, —IYIC loss
factor I k DXFTREIND, HDWIERD wake
function 23 W (s) TH 23%5&. 1 (7.9b) OEM I
ZRONYFITR LT, ZDREERD loss factor %,

_;é[:/:jvg—ynwngmmﬂs

(7.17)

DEDICERT b, ZOMEERE NV F2EE L 72
Brizkbid maxrF— AUy 1. loss factor =AW
T\

AUy, = kq? (7.18)

kﬁ@%ﬂéoik\ﬁwrmuomf N F
ZIRICE S LSS (REMIZLESLS) D loss
GRS < iR

facotor 3.

k= lim S17(s)

5—+0 2 (7.19)
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¥ %% (1,28,

Z ZC. RFEM g 2. loss factor k O NIEZE R % i
WLIGEEE R 5, i UBERE. 22 S h
ZHEME Ve i3 GAEBANIERSE S Zvwe L), kX
XD Ve=¢gW(0) =2¢k £E T2, ZORE, ZEHIZ
iieE s T ar¥—t V. oBIfRiE. X (4.1)(4.5)
XD,

‘/2
U=-%.

wo

4k2q2

wo

Qo _
}%h

- Q
}%h

(7.20)

Y5, THEERMPKDI THRLF— kg 1TFLWV
DT, IHZEHE D loss factor 1.

=% ()
1\ Qo

ERTZEeNTES, YUbE&D, EF BEF) —@
(1.6 x 10719C) MZFICHE T 2 (HTKS) =
FINF=IFNES A4 > (~MeV) IZHANTEMATE
5 BUVWNEIWZ LD,

(7.21)

B RAZ, — ISR D wake function ¥ loss
factor ZHI D 7o WG, B ISA R 270 R sEIE
WX BEHHE N F 035585 2 B E gt O R 3¢
BrIal—yay) ZkoTkoHd, iz ¥
L — a2 T 5N wake function 27— 1) =&
#1552 T, MEROREA Y —X R (AR
Filk) 2182 2P TE 5,

N
I

7.4 RENTBE—LOREEEARI ML

XT, LT 2D LEMEFA Y E—X VR
(BIREUR ) CREMliX 3 2 iRz, REEMICE
BT 5DI1IE — 2D FORRER 72T 20T, JH
B (JEHARY) ©— 203 EBEGER T E D X 5 2 Fix
FoTwan»rRTEL

REBBRCTEIIMEE—- FITX 2T LRENET—< L
T2DT, METEHETHOIRE>OWTHK S, 6.1



Tk, REORVEAMNG (Fo7<KFAL) NvF
DT 2 58 DR BULTICOWTHA L, Z
T, BE—2RT (RA YN - NVF) P onm
FaVIREIL TWAIGE. 4 DR FHAED XS
AR %> T2 0 EEZ b,

741 BNVFOBE

EEMHICT 272012, KLY b AN FIE1D
THD2LT 2, o TAYFH1 HEEET 2 EH
Z. VU 7 2R (revolution) § 3 EH Tey TH
50 KA YL« NYFDHRFEPE ws T 7 v b1
YREIL TV A5G, BT s —20E5 (K75
SHR) OFRFRIZML i(t) &,

i(t) o Z Ot — kTrey + 7 cos(wskTrev)]

k=—o00

(7.22)

EHIT B, TITTHRIRT X, 713~z (KRS
D) IRIRIETH 2, chery—Y TZfmT s

I(w) x /_O; i(t)elwtdt

ox Z exp{jw[kT ey — 7 cos(wskTrev)] }

k=—oc0

(7.23)

E%%, TITREZ DM (W< 1) THBE

! (t )A 7eos(wkT,,) T,

X 7.5 MEAFNIHMNEEITZRA Ve NV F 1
OMEAELTAHEEDOY —AEE (FFREHEER)

T2, X (7.23) 1%

I(w) x Z eIk Trev [1 — jwt cos(wskTrey )]
k=—oc0

(7.24)

L TE S, 0% 1EHEZ, FAXBEKROM T —
) TZEHUTHY S 5 DT,

[ee) [e%e)
j kTre —
E e]w V= Wrev E 5(“’ - pwrev)

k=—oc0 p=—00

(7.25)

2%, TZT wyey = 27/ Tey THB, 7. K
(7.24) O 2 THEHIE. cos Z exp THRT LFAMKICT
NEBEBOM T — ) TN Y T 5 HI272 5 DT,

oo
—jw E %cos(wskTreV)eJ‘“kTreV

k=—oc0
T Wrey =
= _]T Z [(pwrev - Ws>5(w — PWrey + ws)
p=—00
+(pwrev + ws)d(w — PWrev — (/JS)]
(7.26)
LEETE S,

R (7.25)+ K (7.26) (DRZX) o, JEEEGER
Tl FREEH wey & 8 WCEANRIRARZ P L
2B, ZORART LT TOMMH (pwyey £ ws)
Wrrrzuaba U REBOY A KAV R TE S, b
HBAAERE, RA Vb - NV F (FAXER) Tl
2, EEROEBIZEECL LGS 2/L, K7.6
DEIWCHDB, 72 LECIEHITHRLIELDIC, AN
v FiE (Gaussian) ZERT 5 & 2IKD AR b L
BT B R0,

ZZTE B—4 (BAV - RNVF) v o
FeYVIREILTWA e, NYFEHIANA—FE=ZZ7 2D
NS ws DA RN RHPND WS Z ¢ ZfiffHIC
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I(w)

\ 4

K76 Yrzuotroa RBEERw TRELT
WARA VR s ANFHBLDEELTWAIEEDRE
R AR b L

RUTze T ZTIEMEAFOIREND A ZE X TV DD,
BEHBIOIRE) (R—Z& b o VARE)) B FEEEICH A B
Y EHMHTL %,

—fiic, BEIEREICHERTY Y7 v br ViR
U D /NE L (s < Wrey/10). 1 [EHRENS %
A 10 B H 5%, SuperKEKB OfTix, JEEE
B 100kHz T, > v b u YiRENE 2~3kHz TH
%, D% D 1 ROIRBIDEICH 30~50 &3 5,

METRERAYFIDOZFBELTVER, HlZIEm
DN > F2ER-FFICA O, 2R 2N XN TER
WE I, EREDFE wiey — Mwrey Z%%E@i
TRV, R LEBREIAYFOMEEDD D, HF
JFEEEBEL (wrey) DREFATED®D 2 DT\ wrey FIFRT
AR VAR Z B, Fl. DIBRZEHAT 5 X 512,
NYFHEOIREE— FZERT 2L, RIED wey D
BEEORD D5,

742 HBENVTFOEREE—F CEREHS

DFEoiEiZ, S fiHIcs 5272012, $XTO RF
NTy NNV FRDHBEEL TS, Wiz sE, V)
YIHEREBILTOWAEANAYFHIEIN—FE=y 7 F
N—h bFRILTHZET D, ZOHE. BRANVF
WEERIRRICH 2, £72. RF B wr 138 — A& R
JEE wrey D W AEDEAR (Wit = hwrey) I2H 55

ERI2IE, SuperKEKB T2 T®D RF N7 v» M
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P—2a%x (BRI G5 Z2iELns, T
FONE (REE—FRY) & EHETHRAN
YFHh RFEMEICT 2O EEIRDOT, TNTON
Ty MIE—LDDHEEEZTELIZAR, D5
WIFERIIIC AN Y F %2 AR WA T v b THHERBRIC
WXERPTRIZ0 THDEWEFTARY, EEZITDH
bRV,

B ERRT) ATRERBILTWSE ANV FES L
N wakefield THES L TIREI L TW A 55. TREID
E—F) DREENYFALEDWS BROBEERFEL
%, IREIE— R, NYFHOR T (HD0IERA
VR e NVTF) OREH, BEDE I N FE ENLT
MR XL TWE D O FRNMHEE) 1L ER
N3 (F—ZLWZIZE— FOELREDLEICKS)
(X 7.7 28,

Bz, wt T Zaba U ARE L TWAEEIC
DNWTEZR B, N FHNHEN AG, &L, NVF
BEREODPOBAST 5, ONVFHEREL L
T, n JBHOANY FITB 2IREINIAEIX wst + nAby
TH? 05 h—1FTOEH, T2k
HOHEDANYFIZRZDT (n=h1X0HFHDOAN
YFITHB) DT, hAOG, = 2mp (3R D%
RO, ZO puE— RESIHEYT 5,

‘ 1 2 3 4 5 6 7 8 buncht
_ R ) e ¥ rg-="
u—l ; ‘ g S % o b7y
‘ 1 g ig 7 8 bunch#
_ - - T
'LL—Z ¥ ; ‘ ; , Aeb— >
‘ $ 4 g 6 8 bunch#
-
,LL=4I '- ",‘ T Ag,=x
‘ é ‘. é % ‘ é bunch#
- -
7.7 NUFEEWKEIZREBE-F (h=8,u=
0, 1, 2,4 @i%/lzl\)o IJ Li‘:E"— F%%o mﬁﬂ]bi#ﬁé}]@
ZNi. MEEIAN Y FEESERT, SBFHITITONNY

7 (0%H) &FT.



LHOFAEZRTRLEZD DN 7.7 TH 3, it
HIRBI D ZNL, HEI AN FHREER T, h=8 ¢
Lpu=0,1,2,41220WT, H2BE (t=0 O
FRIDOMHEZRETRLTWVWS, 8§ HFHIZTO AN F
DD O0FHEELICR S,

X 7.7 05 #HTME®A/%®9mD#%5
DOBFMB, TZTp BRI, E—F puld
(ph+p) DBE Z%@@E%MO#&b@T E— K
FFZ0< p < h—10BBIZFIR-> TRV, 7
LEH E p i 3EDSEDED. —(h—1) <pu<h-1
DEFDEZINE DD T2, ZDHE. p=h—m
Y pu=-—-mDE-RIEFAILTHZ I LIHER (mi
0<m<h—10%K),

T R77DX51C u/h=0,1/4,1/2 DEFA.
fAHZE AGL ISR E BT, ZRAZNB 0E— K, 7/2
E—F T E—FDOXIRXHINZ5EDDH 5,

7TV ECRLEDDONK 78 TH 5,
=14 DHEFITONWT, K 7.7 LRk, D2
BONMMHBERERL TV, K7.7BXUK 7.8 1%

DPDRLTOVEIITHICEMLTE LR X =
TRFELTWEH, > r2a b iRFogE M
Fm GEfTAM) DIREIZRD T, BRERO X 5 A
A=V b, KTIE, BELZRETLLE
BRVH, E— 2 RE Lo s ONr FRMHEZEZ
Zbo3) FAET 5,

K78 K772V 7ERLEDD (b =
8,u=14DE5), KTE, 72 h 5357
DI HTADOEMTERL TS
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Tk, ZOE—FIEDTRABEEDTEZEZ 5,
FWCHhARTz X512, =T p DoAY FDS50D 0
H2H, ZUDEEEEE wey THEZT 2DT, H
NYFDEEIT, pwrey DREFEER 7 BME 5 Z
CWBHETZ /A5, ZHUZOWVWT, BEAVFOD
BEPLIIEXHTENTAS, T—F Il L T,
10 (7.22) 10T 5 R EFEENT O B — A .

NTiev
h

O(ihil(;

k=—o0c0 n=0

ot

o

2mun
h

+7 cos {wsTrev (k -

f

(7.27)

EELSZEDNTES, n@ANYFF U oN— kIZHEE
BTHs, 207—1) &I, K (7.24) TH

p(w) o
co h—1

Z Z exp [ijrCV (k: —

k=—oc0 n=0

i)l
X [1 — JjwT cos {wSTrev (k: — 2mun

%)_ h

|

(7.28)

b, Z
DIAIZD

T TEAK (7.26) LABRIZH A RNV R
WTH?S &,

—jwT i thexp [ijreV (k — %)]

k=—0con=0
2mun
h

xcos{ Ws rev(k—%)—

Wi (w — w M) + wlo(w -

o0

x|

p=—0C

L%, TIT,



w}(7+) = phwrey + Plrev + W

(7.30)
— HWrev

w;(;_) = phwrev — Ws

THb, ZOFRIF, RIZT2REHK 7.6 2FH
CIZ7R 2D, phwrey D> HEAZ T Wrey D p FED A
BHE—F p OIRENIHIET 5,

72 hpey = Wi THEZEEZ 22, RF B
BOBELE (pwr) DFEDIZ, T— FREIOHY A KN
VR (Fpwpey) DA, FZhoOMWHY A4 FIiTY
Y7 bR UVREIOV A RAY R (Zw,) B2 DE
25 (BBE—FIZOVWTHIDT S ws DY A RNV
Fld. pwe ZHATHFRONMEICDH Z),

COE51C, E—afGBERBVWEBEZROL
. JERE R T Bk OBk S D B AR 72 R R R 7 b
Nelbd, ZOBKCBENT D 2 FRES T D A D3
BNV FALEEII L TER R D, N EEHED
growth rate ZFHH 3 2358, E— FBIIHIET 2D
B ([ =KV R) BPERE LS,

75 BENVFALZEMD Growth Rate

572 MiTHEICHN L S5T, ANV FAR
ENEZ BRI D 72 012id. IRBIOKZ X OME
DEE (growth rate) ZHia A Y —X v A% ffo
TS 2, AHITIZ, NEEND BN 7237
% CERMZIZN) IZOWTHINT 5,

RIEICAEZ Lz X 912, D012, IXXTD
RE AT MINVFRDHLE NFORTh) &F
% (LUBEDHT B FER,

n HHDOANAYFHRF (K4 2 b NV F) 200

T, MUNMEHRBI ORIV Z N & FREAED S D
hﬂgj‘ﬁfﬁ) ’f_'n, %\

Tn(s) = Tnexp (—jQs/c) (7.31)

33

ERT T D, 2T s 3MEEFERIZBTEZ ANV
F (RENFD) OMBTH 2, QIF—KINTESZEET.
Q OFEANGARB AR, EHARIBOEAR (7,1)
252 %,

ZOHE REE-—FuoQ (=Q,) t¥rrn
b AREE ws & DBIfRICOWT, MEATIRE A v
=X YR Zj(w) ZAHNTRT Z e TES, S
RERT L,

je*hNpay,
EyT?

rev

Q2—w2:

" s

o0

ap3

p=—00

(M)ZH wp Z hpwrevZH(hpwrev)

p=—00

(7.32)

v i3 ([1,27,28) ). 7272 L.

w]g“)

THb, ZIT, IRTDRA VP« NUFHREL
 eNp, DEMEEZFROLLTWVS (e IXEMRER),
%7z, op & momentum compaction factor. Ey 1
E—LAZANLF—TH 3,

R (7.32) ZEL D ICEEBICHHAT % L IEFIC
BN DT, FMIMo Ik E SR L THE
W, ZZTEIN. BHOBNLZ T EEEIRLT
BLo ELEALEZ. ZoBREZTEZHAVIIZR
W,

-2 p ¥ —ZH) e EEREOMRK. BX
X wakefield 12 & 2 =4 ¥ —I¥Z (wake function
WH(S)) RERBTDHE, 7A'n(8) WS 2 BRI

d*7a(s) | (ws0)? . e2Npa,

ds? +'( ) ) =~

X Z Z Wy [e{Fn(s) = Tewr -}l (7.34)
n’=0



YELZENTES, TIT.

F— Tr v
7A—k,n’fn =Ty (S — ckT} ey — C(nhn)e>

c(n’ —n)Trey

- kTreV -
¢ h

(7.35)

THb, F77 w13 BEID W (wakefield DEEZEN
W) BEOY Y Ia ta VEEBTH S, A (7.34)
WKBWT W) &V ¥ 77— D)5 wake function
T, kIZOWTOMIZAEEZ & O wakefield DFEHE %
BT 5,

Z ZCIREIDMU/N (wakefield DEBE A LT
T — Ty DT/ NE W) ¥ LT, WH % CkTreV-i-C(n/—
1) Ter /h DI D TEBT 5 ¥

W [e(Tn(8) = Thm/—n)] =
F— Trev
WH [Ck‘Trev + c(nn)} +

[%n(s) — T <s — ckToy —

(n' - n)Trev:|

XW|/| |:Ck'Trev + ‘ h (736)

EHPTES, TIT, Wi(s) = dW(s)/ds TH
%, KT, R (7.31) > TAYFHIREL TS
& L. wake function & f ¥ ¥ =& 2D E% (X
(7.14)) ZFHT 2. X (7.34) o#EHHERX G
(7.36) DILLZEH) 6.

2

2 o~ _  JeNpap
(Q - ws )Tn - EOTr2eV

h—1 oo
X Z [%n Z pwreVZH (pwrev)

n’=0 p=—00

. 2mp(n —n'
o 5 ety (225220

p=—00
(7.37a)

Wp = PWrey + 2 (7.37Db)

PEoN2 (ZhrkE L BE. Poisson DRI HIH
ENd), ZHEEEEREICRE IS, FFEE
B, E—F p OIRE) Q, 1ZOWT, e LT

2
70 = 701 exp <j 7;“”) (7.38)

ZIRET S (BED A SN F ORI XA 21/ h
THs) &, pHEHOEAME LTK (7.32) 255
N,

X T, ZOHERDP S BRIV growth rate ZF1HE
TREIRDBRDE S IBoh 3,

X (7.32) 1TBWVT, Q, & ws DEINEIVET S

~ 2w (2, — ws)

LIREMITE %, growth rate 1 Q, DEERICHYF 2
DT, E—F p 03 % growth rate 2 7,1 £33
e X (7.32)(7.39) 225

02 — w2
-1 o~ e ) S
T —\SQN—\S<

2w

_elpay o
B 2E;’(]T‘revws

%[ Z (,L)I()”)ZH((,UP) — Z hpwreVZ”(hpwrev)]

p=—00 p=—00

(7.40)

BREoNDb, TI T, =ehNy/Trev EBEZHZ T
W5,

HIZ, A Y E=X Y RIZOWT, Z)(-w) = Z[(w)
THhHrMWEZHMHT 2. K (7.40) 0% 2 THOEHS
F¥F v L Eh, 51 IHI



era
-1 _ P X
2Ei(),—rrevws

)2
j{:[ BORZ) (W)Y — Wl IRZ (wi n}

p=0

T

(7.41)

YEHTES (pld 0 »5MAHNTS 2 LR,
Z ZT.

W1(9H+) = phwrev + preyv + Ws

(7.42)
W) = (p+ 1) htrey

— HWrey — Wsg

THs, 2L, ppVCbiQ ~ Wy AR LTWVWS
DT, R (7.33) CBWTQ, =w, L LTW3, %7
E-FHEBp30< u<h—-1Th3,

PLEED, =234 THOMEROREE
2R (AR BRI UE,
VFALEMED growth rate BFHHETE 3, 22T
EHETTANCBI L TDARL TV 2 A, BTG AIRE)
D growth rate IZOWTHBAHDA Y E—X 2 R
Z) (w) Z AW TEBIL 72 BfRic 7z 5,

4 -

EIIII}\

R (741) 2oah 3 K512, L UPE UDJEEE
Bsr (R (7.42) 18 d4 =X RI2&D,
growth rate 52 605, £/, oA (741) &
Hae, B 1ENINZERZE (excite) 5 28R
WS L, &2 TR LENZMZ % (damp
B3)MRVDHZZeDDn DB

FIREE—F p &4 V=& >R (exicte, damp)
ORFREMICLZDHM, K79 THs, fle LT
h=4D5E5TH5, N (742) Tp=1DEDIZ
DWVWTRLTWS, FE— KD excite & damp 23
phwrey (= pwye) DOFE D TRFFIRALEICZ D, F
7oy hwrey Z 8IS ZOMBIED RIS G
A=KV RIZHED ),

Re[Z(w)]

=

79 HIREIT—Fp A Y E—&X VR (exicte,
damp) OBk, h = 4 DHFE DR, K (7.42) T
p=1DEAHERLTWVS, KHOD E[MED exite,
TH&EH damp 2R T,

R (7.41)(7.42) 1 & D RLEWEE i X8 2 &K
BB DEREZDT, FZDA V=RV RAE VD
NS TEZ00 YD, T, ANEEWEEM

23RBS EREATE2ROFELEZEINE
W,
MUEDPS, BENVYFALZENREZEZ 525G,

WADWA%#%%WT%D\W%EE&%%ﬂZ%
2%, MOFVWAHZ TR, TNLETORIFRICE
T, ZOBBRRZ TR > TOAUTER EIZL A Y
A 5720,

iz, Q, OEFHICOVTHNTEL, ElRL7%
9512 Q, OFMIRFARE 25 2 5, HE. X
(7.39) DX ZHHT 5 &, K (7.32) » 5.

92_ 2
Aw) = mz—%_%< w)

2w
_ erap %
2-EO,IVrest

oo

E:[ (DSZ (WED) + WS Z (Wl g]
p=0
(7.43)

DELNE, 2L AN FRFEEIC X ZIREE

MoZEE Al 2k esh s,



7.6 IERE— FICERT 3 AL EM DT
KFEREOT —~<TlE, IEE— FMITERT 2 A%
EMERBEICLTWADT, 5 FTORIHIEZLH
DA VE—X U RA%REHT 5,

7.6.1 ZTERA > E—H > RIZLD Growth Rate

Z T Dz (g e — b)mmn4/t—
ﬁyx%Z()tTéo#Lm%mmé<#
VI AN U B 22 il S % B Eﬁiﬁ%%x_\
wake function DERIZH > TRD D &, Z)(w) =

Za(w) = Z (w) OBEFEDME 02 Gl [1,27,28]
E2B). Zin(w) 1, FffiEgET L (K6.4) D

fre—xr2x (X (5.2) TH3, #oT,

Ran/2(8 +1)
1-jau (2 -%)
Ran/2(8+1)
1+ jQu (CLO_ w)

(7.44)

wo

THb, ZAIIEIRIRMEFIZ. wakefield 12X B —
LB DS TIENAHEEED TR Z % R TE %
759,

ISR E D12, £ V¥ — &RV ZADEIHBARL
FEMED growth rate, B> > 71 o YIREID
JEE > 7 & (tune shift) BfFRT %, K 7.10 12,
Z\(w) DELe BIHLDO Ty M ERT, B 5.1 Ho0D
HIRIWOA Y- X AREHR I Tay b L
M (X53) 2ZR22905 X512, ¢ =45° 27125
JIBE. Fhbb Y —2 0 1/2 TEE L EHHFE L
flHIcH 2 (RETD) 2A3DPw=wy+Aw ZH
%, TIZTAw=wy/2QL, TH %,

K710 %R2e9h58ED, ZHDOAL Y E—K
VRFHIRE R (2 wy) TEWE =2 2EO7%
». RF EEEDRE D 720# ZUTR WV, iEo T, R
(741) IZBWTp =0,1 723k s, fiRe LT,
R (741) 1E, hwrey = Wi DT,
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N T Im[Za (w)]

X 7.10 ZEW (RS 4 =X 2ROFEE (E
B LI (MR 2rzhrhrsov b

1 elyoy, "
" 2E0Trevws

[(wrf + HWrey + WS)%Za(wrf + HWrey + ws)

ws)%Za(wrf — UWrey — ws)]

(7.45)

_(wrf — UWrev —

%%, ZORITEDMEE— FITERT 2G5
Y FALEN (growth rate) MFEMXN 3, £—F
pZelZ, TNZND growth rate KD 2 Z k12
G =

ZZT, plZ2oWT —(h—1)<p<h—10%
BT, RF B ZHROICZORIBETERT %,
EEL.RTI2b905 5510, u=—mb
p=h—mFFCE-—FTHS (mZ0H»56 h-1
DEH), ZOHE. A VE—X VR IREITE—F 4
(excite,damp) DFIRIZK 7.11 RO 7.12 D & 5
Wb, 22T, BO2HTHIALLELS ., E—4
g 3 % Z2flE optimum tuning D7z, HARFE K
BUE RF FEE X D 5] < AEEA detuning X %,
ﬂ?ﬂﬁi@ﬂ?ﬁi%ﬂ%ﬂﬂzo+ym®
e p=-1,-2,-3 (u=h—-1,h—2,-3) O
BERT,

X711 212002 X512, ZRAPED TN



(wo < wyp) 1T detuning ENTNEHE, 1 V¥ —
XY ZFHIRETHRLZDT, p=0F—FBIU
w DBIEDE— FIZBAL Tl damp ORIED excite
EDRELRD (W DADTA V=XV RIID S
FRERIZIEFALTLE LT, bbb, ZThHDE—TF
WCOWTIRRERFMTITD %, %K\E®ﬁﬁ«®
detuning I IPNLEEBICKR 5, T THEERKA

ZRIETAF R ARENdetune

(optimum tuning)&h3 /14
/ 3
A N
. o /// \\\ u = 0
A W
Wrey / \
<> / o
/| N
| e e
PN w
/
// \\\
N S~ =+2
g  — u .
= wrf
711 ZEHA Y E—X > 2 (optimum tuning
i) ¥ E— F p (excite, damp) Ok, p =
0,+1,4+2 DEHFEERT,
ERIFTAF XA Edetune Rel:Z (a)):l
(optimum tuning)an s /4 “
/
\.
/ \\/
119 o
//\\ w’
wrev // \
<> // \\
ol 7 AN -— - ‘LL — _2
i) ¥ R
/N w
/ \
// \\
// \\\
e T =-3
A v K=
=w,

712 ZEWHA ¥ —X YR (optimum tuning
Ff) ¥ E— K p (excite, damp) OMHR. p =
—1,-2, -3 DFEETRT,
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FT. UM VE—XVAHRKEL O E— ROV
C. optimum tuning ZHIZE ) DRI TR
<V FIRHICHEENY FAREEZIZ 2 L5 BE
BB ERZLTVE, ZOREERYNRLIZD
Robinson T [29]. Robinson criterion 72 & & §bH i
%, 7272 L. ®WAIZ Robinson 23/R L7z d DI N>
F1OoDHET, BHOMLET S ZheidRia s (i
BIWEEANAYFD0E—REIFELRZ2S LKL
A, growth rate ICBILTIX 0 E— FDEFFLFEILT
H3)o

—Hip < 0 0BE. R 7121RT X5, A
Y E =X VR excite DRMRDBKEL LB, fEoT
detuning & (b'—A®E) HPRKELRZIEFE. #E
N FAZENE FRCp=—-1F—F) iZxhe
L5, LD 0 E— FOLEMD EDH optimum
tuning WBHETH DT, ZORMEITETSNR

o FHZ, BE— 2 BHMEZ %1227 T, detuning
(|Aw0pt]) DIE A JE L wrey & R (BB
WIHEZTLES) &, growth rate [INHEWITK =
KD (MEPIEFITHEL 2 D) ENY FALEN
ZMZ 2 DIEHEICIR->TL 2, 2D, ZOH
B RT 272012, £3. optimum tuning IZ X %
221 detuning|Awepy| DHIK 2 72T/ NEL 82 &5
WAz HRETT 228 TH 5,

optimum tuning 2% L C. Z%f detuning %/N&
(T2 EBEZDIHE. Awopy 25253 (6.16)
PRLE. Qo BEWVIEINPRVI BT, B, K
(6.16) 22513, IEREEV, Zm LEb, x> b
A =XV R Ry, ® FIFThH,
B0, RDDHIZE V., Ry, ®EZ 5 AGE %)
Rz EROMENE S, RENLE TR S, *®
3D Qo ZELTHDNEE LW,

ZD7HIZ QENIEFICEHVEBREELH WS D
EHEICHE > TW5, L2L QL &3 &7 0 I#EE
EEWwe, B2 A" ZEEOME (i)
EnHY, BLRELFITERTLIORIRZDD
%, D7 KEKB fli##: (SuperKEKB) TI3H
REERSHINS, ¥ A8 E D HIREZE]RH
(Qo = 10000 ~ 20000) T, Z&if detuning EA%K



100 kHz i >TL %5, KEKB (SuperKEKB) ®
FEREEEE 100kHz 22D T, p=—1,-2F—F%
Bk, Z20FEFTEBENY FALEN
DA RIS D 5 5,

%z ZT KEKB #ZHFTEREIND2 TARES
22, TH 3 [6,30-32], ARES 23, RF &4
IANF =% REL L THPEZER ) % R 2
MEIELIICED EMIT Qo ZEm LTV
% (9.6 38, ZDHR. |Awept| 2 1/10 12H)
ZABZENTED (BEXE. L IEE 9.3.2 Fi
ZM), SuperKEKB @74 4 Y&t TlX. detunig
EH-30kHz 1272 %, ZAUFBIREZER & FEED
detunig ETH %, £ 6.1 1B B3 HEEZRD S
X =213 ARES ZHADIETH 5, ARES Z=ICB L
THHEZE X2 SR UTHHE 20,

ZD XD ICHEEEZEHE ARES 242 & D, de-
tunig BIEHNR DN MR 2 Z B TE S0, 20
THLUTIRT & 512 SuperKEKB D& TGS
N FARGEEWZTRITMZ 5 Z R TER,

R (7.45) 21l o TEMAKRYIZ growth rate ZFtHE L
MR Z X 7.13, 7.14 175 [33,34], SuperKEKB
DT A NTHF 25HHETH 5, X 7.13 28 HER,
714 3 LER IZDOWTRLTW 2, MdEZER (Y
Y= ) DA =&Y REEEF LT growth
rate Z KD TW 5, KFERERD radiation damp-
ing rate Z7~x3, Z ® radiation damping rate 7%
NEEPEE ZHEICHL T 2, B, ZR1a
(LER ¥ ARES 24, HER 38R EZH) K1
(A& A4) IREEIZH 2555 D growth rate 7R,
Rik (R&vox4) KL WVWS DI, RF A7 4K
b o 7D E, ZEHIC RE SV —2 T E v
BEil. RIESETBIIRETH 5, IRILZE 25
B E—LAREZEZE LRV XS EHOHEIRE
& RF £ & b-150kHz (= —1 ¥ —2 D) 12
detuning ETHL, 2 BRKIEEIE L HEE. 20
ZF-150kHz ¥ +150kHz 12 detune X8, fEE NV
FARLENEZEADE-RFTHFy L IE3 (K
711, 7.12 BH),
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ONormaI operation (Solid) / A cavity parked (Dashed)

‘Pl =-1 mode

Design Beam Current
w =-2 mode [ === .
w =-3 mode [ == .
b 2 mode / Dashed line:

one SCC parked

rad. damp. rate

00 f

Growth Rate [s'1 1
o

Afscc ~ -44 kHz @ 2.6A |

—_
L3

HER(8xA§ES+8xsccﬂ
7

15 2 25
Beam Current [A]

0.1

0 05 1 35 4

7.13  H#EE— FICERT 328GV FALE
D growth rate DFFHME (HER)

OONormal operation (Solid) / A cavity parked (Dashed)

w=-1mode
w = -2 mode
w = -3 mode
w = -4 mode /
u = -5 mode /
rad. damp. rate

Design Beam Current
1

00
Rad. Damping Rate_ - -~

Growth Rate [s'1L
o

—_
T

LER (22 x ARES) |

01605 1

L L L L\
1.5 2 2.5 35 4
Beam Current [A]

X 7.14 LER ZDWTHEE— FIEKT 28
BN FAREEMED growth rate DFFHEAE (LER)

X 7.13,7.14 25537 % & 512, SuperKEKB Tl
FHA EIRE TIZ growth rate 23EE (radiation
damping rate) Z#HA. p = -1 -2 E—FD
ANV FAREEPREZ 2 FHEIE S, 72,
p=-3F—FFMHITXoTIFEZ 2 Z &HDEL
XNd, HoT. 74— KNy ZHlfHIZ CoEHlc
AREEZIMAZ D CREEME— RIS d 2 A
BEADA =R AEENNCTITE) 2
BT %o ZDMTTHEDFERICOVWTIIE 8 &
THITT %,



762 JrorObOYVIRBROEL

ZIT, &BHTQ, DEH (K (7.43) 1IZOVWTE
25, IEE—FDA v —&X X (RF EFEEODE
D) FIEEET e (7.43) &, K (7.45) kA
1z

elyap

Awl) =
s 2E0 T evws 8

[(wrf + pWrey + ws)%Za(wrf + [Wrey + ws)

+(wrf — HWrey — ws)%Za(wrf — UWrey —

L%, TR, N FHEEEICE Sy 7abn
AREN D FFAZE L (tune shift) 2R3

A Y =X ADEE (K710 Z22H) OFf
WEERT 5. optimum tuning (wg < wyr) D
A 2 (7.46) 1265 AR (Aw?) &, p=0
E— FTRBTIEIHE S, DFD w, D58 L 72 3 Al
WZELS %,

—J. oE—RIZoWTIE, ZHA4 b —&
Y ZADME Aw & FRERE wey DRES, BLOY
247 detuning BIZHKIFE S %, SuperKEKB D5
(Aw ~ wiey/10) 1251 3 EEORFATIE, F45
HIAZZELT 5,

DY 23 SuperKEKB T. Z @& HEZEH
MEICR 2 3w EZSNTWS, —ibh,

¥ LT SuperKEKB ® HER I2DOW T, N> Rk
BIERT 2> 7 m b VIREO EIREZE % K
715278y b L. ROMEMIIRENE R D21k
B (AW = Awl j2m, i=0,-1,-2,-3 ). Hiil
BE—2EBRTH S, X (7.46) IZE>T, THA

BEIRICB 2 @R (optimum tuning jA) T, #
B2 8 B+ ARES Z4{ 8 BD A Y ¥ —&X VAT
DVWTEHELTWS, p=-1,-2,-3 F—KIZOWV
T, E—2BRPWZ 210> TRBEED TH S

DWBT 5. & DFEMIZRFHC DWW TEE SR [35]
PLRBUTHZ-W,

39

—7Fi. p=01ZD2VTIX, 1kHz YU L@ R 25HE
R ZoTW3, FEHDOROVKE f, ~2.7kHz),
T2l EBRCR I XS REBEKO EA B0
ERTWAEV, ZhiE pu=0EF— Fi (4 F 20
detuning I2& D) THRBEBEL TV EBEZLHN
B0, by sak—Lr MREIOE EEEET
%) . RF 7 4 — KN ZHIlHOR R E R4 72
TR & T DT, EEE OB R Z & 2N FHE 3
BITIIR A RGBT 2REDD B,

WAL TH, DL A3 Q, EE (ws D
WS 7 1) OFS5E T —2BRMLFIREEINSZ
B3RXZS5TH5,

7.7 Static Robinson RELZEM

50D, TNETOMENYFALENEL 1T
DYURRDHDOARLEEICOWTRHANLTEL, Z
b SuperKEKB (KEW L — o &) TRERM
B D S 2P EEND VD DTH 5,

YrZrubu YiRENE, IEEE ORI ZEL
(Vo(t) ofE =) METL ez b MM END FM
WHE- T, BEICNYF (RF N7 v b) WEIRES
BZEMTED, ZONMBEBE V. &, KX (6.6) 1ITR

(1)
Af
1500 ‘
1000+~
N
p=0
500+
=-3
0 p y
R =
p=-17
~500Q | | | ‘ |
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Beam Current [A]
7.15 ANUFREESCERT 2>y rtry

IREN D B HZE( (tune shift), SuperKEKB @
HER 794 V2B 25 HHE



V.
Vi
ek _’L/}opt
¢ ’ a — 0 V Vkr
/*¢ |
/ ¢0pt
/ék V Vkr COS opt
. Vk
716 Vi BT rruba REOETH

L LTHEGT 235G, 0 DYEXIR synchronous
fAH & RS,

FTEIIC. 294 ALY ANRY—I2LD
BE Vi LB — 2 EREASMIES 28E Vi, DX
FLERTH %,

TRTOE — 2K FHF CAMHTHi -7z (ak—
LY MR IREIZLTWS (NYFELD0E-F
TIREIT %) HE. Vi, PE—2eRALTEH T
ZeiZhh, B—aro R e NEERE V. ORREHY
Zb (HZD) 2L Ro7XSICRZ %, Thb
HbV. D55 VIFMETL e LTHE LR R %,
BEERSER UIREIOETT I/ NS kb Lk, #E@J
DIEE D RLERCHRoTLE S (MAHRENEDFE
DED L7 %), ZH% static Robinson ~Z2E 4
EWno,

ZoHme., vl bwnrryra bu YREOE
BP/NE L B 0EZ %, optimum tuning DM
EHi7z TN TWVW5 e LT, X 6.8 D phasor diagram
PWHTK 7.16 IR, 22T, kit ksice—
LADabt—L Y MEENCE D, Vi ETHIE LT
FELRLAKRDI e, W EUDFEENRZR> Y7 tay
REOEILI e 8%, ZOHE. K T7.16 IZBWT,
O DIFERNN7L synchronous MiAHE RS Z e AT

5, \if:z’))g\ 9k = (;SS - (_wopt) = ¢S + ¢0pt T
H5,
rruabua URED R ws 3. TTA Ve HIE

40

TEHTHoTHEPL, Vi KTOFEIZRD Wl ~
CRBERBRED T2 T3, ZOHAE. b0
RiZ

Vk sin Hk
Ve sin ¢

W\ 2
(2) -
_ Vi cos wopt Sin(¢s + wopt) (
Ve sin ¢

7.47)

*EIFS, 20oREF. vyt VIBEFHK
X VVesings Bl T2 22 MAL TV
%, ®IZ, optimum tuning DZEMFZEE L., K
(6.15)(6.132)(6.13b) F o BBz FH T 2 &, K
(7.47) W&

(wé>2 _ 1= [(Vir/Ve) cos bs)?
Ws L+ [(Vir/Ve) sin ¢g)?

L. b T oz LERBIEETE S (36,37, &~
yru b VRMALETHH7-DITIF W, >0TH
ZREDHZDT, Thkb

(7.48)

Vir cos ¢ < Ve (7.49)

EWVWSEESFMEBEON S,

—MENCIE. ZOSRMIE. K63 WTRT XS
(transition energy & b @mWHEIX) IHELEOH
BERDIEIANYFRRRsTWVWEIELETHS, &
WHEKEIrSELNS, DF D, EILHH W 7201
(synchronous fiAHAY Oy ITHHY) ¥ k- 7354,

dt Vi cos 0y

1 = —wrtVisinfy, <0

(7.50)

DM S, FRRICRK (7.49) 2182 22D TE 3,

F-HICZ 2T K (6.9)(6.17)(4.1) FoBZREF
A3 2e. R (7.49) ORELMEL.



B,
— 1
2 < B+

(7.51)
CEBTE, TTIRABRER (6.21) DAIKEEE B
WS A &ENESNS, optimum By TV T
Hiux, B3 EROEMFEH -5,

IS DEME, i X 2RISR E RS
trehh, +o&FridE v, ERIZ I &
D+ N BESH CTHEEE T 2B D 5, X
7o LECOFHHE. NMEBED RF 7 4 — FNw o
filEss, el CREEMEMFD SR T L03F 5724
WG BIZOWTWTH B, EFIZZXA L2 b RF
74— Ry 2l (X 8.1 2 ZHj % WififHT
XA L7 MZRLUF v L3485 [8,38,39])
. BN LEEZMZ 2GS AT 228 %
WHT 22T, ab—L Y bR —aiREDHE
BN T D (REEREIN T5) LN TE S,

TIEEAMARIIC SuperKEKB O&I1COWT, 7
4 — RNy ZHil# CRZEEOIHIFIE) 3700
LT, ab—L Y MRENC K 28N L DRI,
R (7.48) 2> TR L TAZ ., K717 D &S
W25, B Y — 2B, Mt o ra v
RO (ae—L > MEENC XL 2 £, DEE)

N

f(coherent)

2.5¢

2.0
Q1~4x10¢

1.5 B
01~5x10*

1.0’ QL~6X104
0.5
QL~7X104
0.0, ‘ ‘ ‘ 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Beam Current [A]
717 EIEAP Vi B ogEi, yrza b

o AREIE RT3 2 R 2 FHE (HER Df).

41

{eoherent) _ 1 jor TH %, HER D#ESMFICO

WCEE LTW3, HER G@ZEZ2H, ARES 22
ZNENRBSOTEEINS, (EoT. RK (7.48) %
WHT 212H720 . FE% (Gets ) ZZR» 1 H
B3 IRE LI BMBRFHMETH 5, KITLE, D7
DHEIL 5 4 BEOBEEZERD QL ionwTray
FLTWR, EBEOZERATIE. QL = 50000 ~ 60000
TH 5,

K717 #RTH2 2 X351, QHEAENEYE
HAREWV, /o, B 100mA D —LAFERTdak—
LY MREIDKZREET L2005, ERRIC
kO kv rruba ViIRFBOKTFTABHIS A
TWd, o THARMENRVETHA ¥ - B
LT (2.6A) Tl static Robinson A2 E M pst X
LZA[REMEDR K E WV, - T, ak—L ¥ MREIOF
BEMZBEXAL 27 NRF 74— KNy 7, &
ZWVEHIRDIEN GREW) 7 4 — RNy ZHilHi 27
LDRETH 5,



8 WENVTFAREMHOIFIS X T L

B SN BR WG NN Y FALE (coupled bunch
instability, CBD &, M@HllANCHIZ AT LT,
COHITIE. 74 —FnNv 7 (LEFB” il 3d) il
B WT, IEZEAICER S % CBI 2 BARICY
D & 5T 22, EEoMH S 27 4 (CBI &
UR—=Y AT L) IOWTEHT %,

AR THIUL, FB HIH OB FE (REEED
PHIEN RS FB v — 7% E M D& 'ERFHT 72 &) 12
DVTHINEDD LRV, 2B LTI,
% OERRER S (Bl Z21F [35,40,41] R E) 232
DOTHIZEES & T 5,

—7%. KEKB / SuperKEKB Tffibh T\ % CBI
R =IOV TIE, N—F vy 7 OFMEH
AL TCWA XD HE D WD T, RFEZRTIEFI
CBI & ¥ R — USSR DI OWTEH LN T
%,

713, 7.14 T/RL 7% & 512, SuperKEKB T
B p = —-1,-2,-3 FT— FORLEUENDE X h
2720, TNHDE—FEERNRE TS, F.
KEKB, SuperKEKB ® CBI & > 8—ZB ¥ 3 fthod
XHEkE LTk, #heh [2,42-44], [33-35] =5
LTHELDDHEW,

8.1 CBIZYN—2RTLEBIE

O T, R (7.45) K 7.11 DFECR 3, IHEE—
R ERIEINED 72 DICRHETR DT, wy WCHEE 52
I, AN FALENZEZ T (excite T2) J
BRI T2 0PIz B0, DRA ¥ M2k, 5
W= X 512, HEF— FIZDOWT excite 35 HK
B0 0% DT, ©— oG350 5 Z DR
BT EeFrrrdTd ([ V=XV RA%ZTF5)
X517 4 —=FKxv 27 (FB) THUIRW,

X 8.112, #ENYFAELEWEZMZ 57-HDD FB
N—TF (CBI XY= AT L) OFEATOY 7K
RS, ¥3. RFHHEEFES (vAX—-F2 1L —%)

42

VCHIEFBIL— (F 1—F —SIEIEIEAE) "
|

........................................................

REEEES G [T !
v v H o
ez »;;Lm g ==
frr=508.9 MHz 1LY hRF-FBIL—7 + "
1
Gainifi& E—L 1
pickupfss I
E—RT74NT— il
{i#8(delay) 1
" o E—is
NV RIRRT7 1LY — w
8.1 MEBAYFRREMENAS FB A —7

(CBI B> =Y 2T L) OHEAHEE 7O v 7K

E—K71I)L7— (u=-1 modeDHl)
f;f _frev +f: A

BT

|

ﬁ(‘\/ _f‘S

T

excite

E—L
Pickup{S&
VL
—)
damp f
PEIHINY RIKRA T 1LY —
ﬁev =100 kHz _fs =2~3 kHz

a—

f7=508.9 MHz

8.2 MANVFALREME— FEEBRXE 2k
N R T 4 L& — CBL & v o8—

55 D1E5H Low Level RF (LLRF) #lfls 27 4
BT, 7942 nrTHEIEXR, 22 RF %
U= A X3, LLRF #lfHll> 27 20&, 22D
pickup 55 % RTH#HETE V. £ —EIROZ=DHD
FB #lffiv—7 (Ve-Loop) Z#H5 (KTIFEWTW
B3, fcd F 2 —F—HlHE, 2 OMEIICHER
HlfEZ2HEH > TW3),

—7. CBI BV =Y 27 HIZOW T, K 8.1 D
X912, ¥— 24 pickup [§5%. Ve-Loop DfEBEH
XTI ATS (FB32), 2O, ©—
2 pickup BHEE—F - 74 X —%EL, FEHEAN
¥ FARBEINHIET B HREE D JE R D A% @il X8,
i ANV FAREZMNZ S X 5ICFBESDS



4 > M I NS, [FARHIZ. Ve-Loop 23 CBI
RN —IZE LRV E D (B2 WVITHIFEINNLE
koW S), Ve-Loop DI 74 s ¥I2iE
BT A0END 5,

X 8.212F—F « 7 4 LR —D@EEFFEICOWTR
T (u=-1DFOVTRLTWVS), FEDE—
ROREFRBDOAZ @B TS DN KRR T 40
Z—M, CBI XY 8= AT AT o TigbEER
ZEZHS, 2070 CBI XY 83—k, TOE—
R 740X =28THENZ WV, ZLT, K82IZ
R KD RIEE PR EER R YO K D12
W20, ZOYRATLORDIEER ) INYT
HH, ZOEDT—<TH 53,

RETLARE. RO BE U C B BUE S R LT
B 2 DT, FBBOR S EARBE w & D EZ
f %1@0(2‘%?0

82 CBIE—F:«TalLE—

Z DT, KEKB / SuperKEKB THA I LT
VW3 CBLE— K+ 7 4 L2 =2 DU THRB S O
2 BT 2.

M 711 WRT LI, WENYTFALERDH
E— FITIE excite X8 2 BB £, damp 4
BB DB, p=—-1F—REFICTZ L,
excite T 2 EBUI fif — frev + s (ENEHNRF
JER R BREREE. > 7aba Y EER TH
%, ZO excite ¥ 5 EEEKDTIZ FB €T
Fyr L XE3, ¥/ damp XH 2 R0EOEPE
B (f > fie OB A R) EELZIES PRV,

ZIZT.CBIE—F740&1F, KB82DLS
BNV KRR T 4 V2 — (BPF) 1Kk3%, ZOKIZ
p=-1FE—FDEHEZRLTWVWEY, INZE—
R ciiFicillAaabE 3, —licix (k32
X2 BEOE-FE2—FITT7 4 VX —TF 2
7 4R — (D frer) BV, £— FEI
WAL T 4 VB AAHEE T = 513 5 HIFEIT0
JBTE %, K2 SuperKEKB Tl&27 74 A b1 Vi

1953 100kHz B2 (~ frev) Ty 2R DXL BHD
E—F (Ufrey) CNLTHFA Y - B AELED
279 (M10.2 28), E— FBIHT L -#ERR
A[RICI2 2, ZD7®, K 8.2 ZE— FHICiiFNIC
HANE 2 (parallel comb filter /730) 12723,
774X+ 8aYREETOHEE L TH 2o Thiuk,
ZAXH UMIEST 2 Z L BA[RETH 20, EH V7
AR by Z e iR ENKE L FEIRSEG (O
V—FEBERY) TEoTHRELEDZ (WL
W ERHZZ LR E W),

YIAT, [ DB KkHz THRIa2EZ 3L, i
OIRE) (FEEST) B 5 A RVWESIT 5
X, 2D BPF O#EIZ (£— FEIZ) 1kHz FEEHH
k&hz, RF FEBEED 500MHz 25 LTy Rilg
723 1kHz @ BPF ¥\ 5 ORHUHICEWE E 2% (Q
il ~ 10° 2 ORUZEZHMICHY), £/, BPF O
DA ECE 1kHz o0t LT B E TERICH
BTXDZREND 5, THEO 7 F 0 7R
ETHEEZONY MR FULERE O E 2 FEH 5
DINFIEFICHEETH 2 (RICTE LTHAL
ETHEIHL Lo nWTHAS), MlEX
D, ZDE—F -« 74 L R=1ZIFD U TR LMD
BT B,

TiE, BARICE D X5 R AET, K82D XS4
BRRE R ER T 3%, LUTICHIAT %,

RiREBER (f2S>U<)

=) Tl
oean| g fy =t 1,
bean L
> X
fy
Down Conv. Up Conv.

8.3 FrEDREEE TN BPF ORI
%EZF. RF BEBDZET (foeam — fre) R
#Be 2 (down-convert) LT BPF %3 L7212
RF BEBEMATRT, 7272 L, INETTER
+97



T3, HANREZ A EK 8.3 1IRT (EBoliih
DAZIENPOLHETH S Z L IZHER, EHBFET).
KD X512, ¥— 24 pickup 5D EEE (Foeam)
. IF¥Y— (BEOHMUIESERKOGIEH, BL
#H) 2HOTERWERBICER (down-convert) 3
%, ZOHEE. fir ZIIEEL T, fif DI A AN
YROABEERT, ZO XD ICHEEBERINES
(foeam — frf) WX LT BPF 2@M$ %, Z® BPF
DHLULEBREE fret — fs (0= —1DHE) &3 5,
ZL T, ¥ fif ZRLELTEVEEBRICE
3 (up-convert 3 %) Z & TItDEAFEBTHITK S,
ZDXIITL T, FFEDWHIHOD BPF Z5EH3 %
ZEeMTE %, SuperKEKB Tl&, p=-1,-2,-3
F—F (~ =3fiey) BEZTVDDT, foeam — [uf
1% 0~500kHz FEE OHIFAT& X FUT RV,

L2L. TRRTTE foir DV A RNV RO
(frr & EVEWD) BXFIX T, up-convet T
TEDEEDIEL KBy (RERBTHHT
(%), oo ZABABORREZEZNEDP S L5
2. ERIEGEEOBIIERBORE LA LI EHOM
FHBHTL 2720, ZhSMREELTLES (K82
DX RFEHICIE RS RW), EoT, &5 —TR
HTh 5,

FEBICHEH XA TWS CBIE—F + 741X —D
W7oy Z7K%E2KX 8.4 1R T, KOMBRTHZA
72¥#877&, sinle sideband filter (SSBF) ¥ I 2
7 4R =FEIZIR D, K 8.5 ITRT & D il
MEFo GEE®%RR T 2), SSBF KD X 512,
fot EDBEVEABBEHIEL. fif &DIRWREREEE
R 2R E RS, SSBF TiX, fif KBWT
2Ty TR e R R T RED D B,

SSBF D #&eEDS, [AKF 12 down-converter & up-
converter (X 8.3) O1%#H| %3 %, SSBF OHIC£
E— RIS % BPF piislicEEii s, iEn
WBBIZKR-oTWS, 2D BPF 3%l 28 7
B 7 4 VR =%V, BALENE— F D excite
WXIBS 2 RO AR ERSE S,
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Qg lowpass Digital Q%
Down Conv. filter
{90
f;?t’(l'ﬂb
—
\

8.4 ZEBDODCBIE—FK - 74 LX—DOWHHKT
2y 7K

pri GEY

>

-ﬁ)eam ]Cbeam < f;f
—_— —

A 4

/1
frf_f;ev+~fs frf

8.5  Single Sideband Filter @& & : RF
B & DARC R RS 2 i U, RE A X
D EWAEREIE S B,

1

107

=5089MHz

|

102|

103}

4
i@ 10

Ty =3fatfe Sy Lt S

10

10}
€ 750kHz
107 . ‘ ‘

5.088x10°

5.089x10%
iK%

8.6 EBEDCBIE—F 74 V&X—DFEER
M GIERSR)



EBD CBL £— F » 7 4 VX —DEiEF % JI
TEL7AbR 7z X 8.6 1IT/RT, Ml AR (Fuhd
RF B ©. HtioE@Rcdh 2, Hitih log 2
F=TH5ZLITHER, ZOMEDRIZ, 7YX
NV BPF 2302 DOT, E—FE2ZZTHELZDDE
HRTW%, ZDXK51Z, RF BB XD &SV
SERIEMT X, p=—1,-2, -3 F— RIS L~
R 72 EEm L T3 008905, K 8112
R LD, B—4 pickup BHIE. ZO7 40X —
W2& D CBI E— FIZXIRT % BRI 7200 7%
. =7 4 — RNy 7 XE 5,

T, M 84AIWRTTuy Z7RM 5, X851
T (A7 v TR ) SSBF OB ERHEE S
D, ZOEERBIZOWTIZIHRTEL AT
%,

8.3 CBIZ>/N\—DERH

E—F 74 VX —0OFMEZHAT 2HIC. Su-
perKEKB FIZHTi7- 1T S L7z CBI X V8 — %5
BRI L CARREREHENT 5,

F3. TRAMRYFIZBIT S CBI X =DM
RERLMl SRR R 2 R, X 8.7 23R ER D £ v
Ty KB BAY VT =TT FITAHITEK
SHEMRTH 2 [33], K 87T &SI, B
727 (Q ~ 9000) #H\WT FB A—F%#HATW
%5, CBIE—F 7 41&—% SSBF iZBWT 3
DD 7Y %)V BPF (DF) ZWiFNhcHER L, zh 2
nop = —1,-2, -3 IT % % &Rz W5
TANR—F 5, TORR, K88 ITRT XIIT,
p=—1,-2,-3F— RIZOWTHIRHE b B2 O
A =R AD TIN5 CHARD FB L— 1 &
D¥v oL END3) ZeWERTE R, KoM
AR (DD RE BB . HEfA s 4 > (24
AR LTI s s v —nlkt) 2£T,
D HALZ [dB] (log 27 —L) TH 3, [dB] HAfL
10 TR —H T =232 B,

Kz, ERRICE — LHEEE T, FEENY FARLZENE%
HI L 7245 R A2 BN T % [45]. SuperKEKB O b —

45

Network ‘PortZ Amp
Analyzer | 24dB
AT E5062A
divider
Simulated
T Cavity
Amp
35dB SSBE < :Aﬂg
T
Phase
Shifter P DF 2 4—@
DF 3 Signal Generator

HP 8648C

8.7 SuperKEKB A CBI & > % — O MEREGTH
ROy 7 v 7, BEZER (Q ~ 9000) %
W, op=—1,-2, -3 F— FOREFEEIC O W T
127 4 X —LTFBL— 72/

-

Q =9000
(Simulated cavity)

Loop gain =35 dB

w=-1,-2,-3 damping

5 o108 o8 PPN P 08
5.082x10 5.084x10 5.086x10 5.088x10 5.09x10

Frequency [Hz]

8.8 SuperKEKB A CBI X > 8 — D%
R (A VY= 7 F AP ICEBRER/R)
p=—1,-2,-3F— RO\ THARE b HEZEH
DAY=V ADR TR >TW2E (iifRA FB T
FyrbLEND),

LR T, HER IZBWT 700mA FED ¥ — A &R
EERUIRET, CBIX Y X—%2EHAL, p= -2
E— NZHIS 282 T ho 7, ZOERTIZE
Hop=-2F— FORLEMIFIEZRVID, B
i 72 o HARE A % -200kHz 375 LT, BRI
p=—2EF— eI,

p=—-2E—FOMENYFALEER CBI X
YR X O IHIL AR E X 8.9 ITRT, ZOK



M =-2 mode excitation

fre - 2fo fre - 2fo + fs

Mm |
10 kHz (Qu=-2) ;3

frr -12f0 + fs
il
L

Center 508.676871 MHz Span 10 kHz

8.9 SuperKEKB A CBI X > % — QR ETA
R (Ry b= 7F 74P ICEBMERR),
p=—1,-2 -3 F— RIZOWTHIRHE D 2R
DA YE=R AN FH>TW3 (RS FB T
Xy bl EhB),

iF. ¥— 24 pickup EBZAXRZ ML 7 F T4
(BB 7 7 #ids) THIEL72dDTH %, 1l
DERECT, HEmhid v — 2 pickup 155 O & EUK
7 (ZORBEHDEE V=) & log A7 —IL TR
LTW3, LORDHEENY FARLZEEDE X 1L
TWVWAHEFZRT, FTORD CBI X ¥ 8—EHHIC
X O R ZEEPMH S N F 2 RT . ROFLFE
BEDY frf — 2frevs TDOHEMCTH BH A N2 K3
frt — 2frev + fs Ty p = —2 F— FD excite FHRIZ
Y rrnura ARBOREKTH D (Z DR,
i = 508.9MHz, frev = 100kHZ, f, = 2.5kHz),

X 89 DET, MEgxhiu=-2%F—FK (fir —
2frey 4+ fo) P CBL X > o8— % L7-4E%R, To
MTIRIFEAETA RAY ERRZIRLZ-oTWVS
DRI B,

p=-2F—FoWlzRmLEhr p=—-1FE—F
(frf—frev+fs) WZOWTH, FARkcHFZNnz Z®

46

MR TETW5S, LRIk b, SuperKEKB A
*ﬁf_bvﬁﬁ%ﬁéﬂfg CBI & //\—ﬁ)E%G\J% b?%} (-
DR T E T,

HER Tl&, FEEM 700mA U ETp=—-1%—
ROREENY FALENDPEZZDT, $TIZZOD
CBI & ¥ R—3AREWEMZ 27-DICFEHA LT
%, CBI XY RXR—=MHWVEFEEN Y FARLZEMIC &
DE—LBERDPHIBEINE 2D ERAIRIHD L
o TW5b,

CBI X ¥ R— D TERIATR o TW05E Z &I,
K 81IWRTEICFBAL—T%2MHKRL, E—F -
7 4 V& — (DBPF) OHLVEBEE fif —2frev + fs
WHRET 2, FLTFA v efiflzZXZx» > LT. X
BIDTDEIITH A RNV RIWNEXLBBEIA%R
B3, 20k, PREMENE X 2771 CDBI & >~
2\—%315%?‘5% . AMREMEMESE S5 4
. MHZELT, UtHZ 180 ERIZZE2 WD
HiEbH %,

IO RT~T 4 v 7 ICARTZGEE. THA—
Ty =T ORMEETHE LB BEDD L, il X
X, CBI & > =l S5EHIICEES R L (B —4
RENZHIEE L), ©— A pickup E503E 5 BZ 20
B E 2% v > LEPSIGEDRMEZE (v
FT—=2 - 7 FIAVHE) T2, TOREIPL, ¥
27 LOFE (WIFIRIR, ZEWE) ZFHiis 2 2 Hic

iR 74 e b RD B, ZhETRSHER.
ZFDDDOHEREER > AT LIHARAA, E—24
HELIC KB RAX T 4 2 ET B,

ZZT—OofMELTEL b, Lido#HE T,
—OD%ER (FVY 7 158HZ774 A br D
150 7Z2WNCEALTWS, L2 L. SuperKEKB
DTFY AL VERTIE, B 7.13, 714 TRLZZED
2. = —1EF— FD growth rate 1& (KEKB 12kt
NT) FEITKREL RS, 2DH, 1Z2E[{ZFT
FIHT 254 AR D RuATREE D RS ATV
% [35,46], ZD7, HEDZEW (7 74 X br )
WA LUTARCBL XY =23 208N D% 2%
ZTW3,



8.4 Single Sideband Filter

ZIZTE(RKBAITRES, Zo7uy ZKn»6, K
BOIWRTE—NF 74 VX —DEMNE SN2 H
HIZOWT, #flZ LT CTHHT %, £3. Single
Sidband Filter (SSBF) 122WTTH %,

SSBF O FHEZ IR L2 DA, K 810 T
b, EITANEBEE 2275, #hzh fif T
down-convert 3 3 Fi2, HWMZ 90 37257 (sin
o & cos 9T) WCEHT S, ZokHic. BB
BE (ZDEE fir) BX—RIZL T sin K77 & cos
D DR=2ZANY RIZHEe T2 [/QEHAE VS
(I: inphase, Q: quadrature),

sin 57 & cos il (ZNZNIT K. QT dE
9) 35 LT, fir &DEWETBERD L ARWE
BT CHEECE S, SWIEZ 22, fip WXL T
AHAEREEIC R Z 20 . GRS R X % T
EBRONG, HIIED L. TDOXIITER 2 I
WAL ne, IEADERBDIEEE S, IELW
up/down-convert {278 572\,

ZLTRIZ, sin 7 DIES DAMEZ-90 > 7 b &
5, N=Z2 XD EVEREE T IZOWTIE, cos
B & EERT 180 EE T T, WSRO BRI U 571
DWW cos 7T e A CAMICHTI S5, 7E-T. 2D
20 EMT L. EVWREABEEDIEF ¥ L,
ROV JERER T 2 f5 2 72 %,

N F /W sin B & cos IR, EhER
% up-convert (I/Q ZF) F AU @A 7
DR IR o T LD AP FON S, TDXDIIZ
LT, K85 OFE#ERMENHFELND, T, mEWEK
B & @i X 270 (RWES 2fHIEL72Wv) 55
. sin 197 cos D & T TAUX RV,

ZIZT.sin R OWT 90y 7 v 35 2k
DEETDDID. frev — frt DT NTORPEEITON
T (EREEBCEGREL) 0 ES 7 M3 30D B
(RIETH, T2 THEZTWVWS 0~500kHz DHIKT
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Ef;)eum _fr[ > 0 N gl
S U /r \\\/\

a Y
o\ [
AN e NN
\ \ !
fbmm_frf<0"\/\ /1\/‘\ /
QiR

Down Conv. \
QO sinaiss

ocam
==

Q%R

T j ¥ i
fhwm - .f;f <0

8.10 Single sideband filter @ JFH

e
I
iy

R=470Q | R=820Q | R=15kQ | R=27kQ | R=47kQ | R=6.8kQ
C=168nF || C=4.85nF || C=1.22nF | C=369pF || C=105pF || C=25pF

- =z
7273

r
L

72
=z
T2
- 12

L3I
R

=2
T2
-T2

T2
- T =
- T

:

T2
-z
2

8.11 90° polyphase filter DEIFEX (6 B i)
1 =508.9MHz -
R B -3dB
w o
W 102
)
103 b
L 70 dB
104 1
.90 dB
105| ]
10€ .
Ak
8.12 SSBF Hifko#EiEkiE GAERESR)

77w FRFENPKE), £D KD RFHE% passive
ZEFTERT 225G, K8I11ITRT X512, 1
R EF v & C OiFEEEOMEAEDE THEE
35 [34,47,48], T D & 5 %[k % 90° polyphase
filter £ E 9,



8.11 X SuperKEKB H @ CBI & ¥ o8 —
(SSBF) icff XN T2 EEE L EEE T X —X&
(R,C) Z7RLTW2, KD X5 1iZ RC Ui [EE %
6 KHAEDE TS, ZNENDET, w=1/RC
D EABEEIT B VT pole ZHiH 90 MM 2, %
BTH I3 ILVHIETY 7 v MRFHEDBF O,
R,C DI A= OFELIZEEKS I 2L —&%2H
WTfiR->TW3 [49], SSBF BifkoiE&ks: GHlE
FER) X 81217, #Mtlha EEE (0 RF
FHED .. BE»ZEER (log A7 =) TH 5,
D & D W I RIFRFE o, FHIEREZ h
Zho7oy b)) MESRTWS, fif TREEIZA
7 v TR R TIE RV, £ E— FD BPF T
T 4NR—=EINBDT, EHEEREZ W,

HRAZT/QZERM. 1/QEIHIZOVWT, K 8.10 D
78y 7 KIFFEHENZEICT ER0, Ko k5
I F Y — 2o L HMRER T, R2Rrd
AR R R RIS S ey (RIE - A7 O RFEMED
KEW), ZhoDRE SSBF diEiE (F{IfH L)
FREICKRE BT 2, BRI eic, 1/Q £,
ERFIHROMBERSE (BEBHROZENLSE) C©
HEETRPERVEMTH D, flREE LTIER
WENTRED TN ANBRFICAFTES, 22
T SuperKEKB F® SSBF T filRod 1/Q Z##s.
I/Q EagR 2 EH L TV,

8.5 Digital Bandpass Filter

TIERIZ, 7Y &)L bandpass 7 4 & (DPBF)
WOWTCHEIHS %, DPBF X, K 8.4 1IR3 L9512,
down-convert XN/2EFITH L THE— FORFEBE

<_,U'frev - f57 o= _17 _2, _3) DA% T BPF T
H5,
RV B EUC down-convert L7z 2l dWZ ., &

B 1kHz 13272 D o BPF E X %, 720 &
ZEME— RO L. BEEB I CMHEzZEER<
T ZHEN DD, rOERERE (RELCEDE
TWOTHEHE) DERINDINNTA-XTH D7
D, ZITETIZLT 4 NR=FZHT VS, TV
2L 7 4 W E—13 FPGA (field programmable gate

48

array) ZHWTHK T %5, FPGA 3RO 7Y %
Ve TNRAZATIRYELDETIO LS ITfEDbATNS D
DT, vy ZEEEY 7 by 27DES5C7Twr
7 LAJRE (FBEZEHME) T, A"—Fv =7 L FAFI
FREERA[REICT 2 b DTH 5,

8.5.1 DBPF &£

A CBI &> X—THHLTW2 DBPF ® 71 v
IMEK 813 1RT, ZDBEEFMEEX 8.14 1R
To E—FKpu=—-1-2,-3DEDOHIZERL T
%, 2O BPF X K84I1TRT LIic, [/QEHX
N712ES (foeam — fof) WXL, CBI E— FIZxG
U7 SRR —pufes — fs DABB B 2HEEERIH S,
8.13 OMEREICOWTEEMZ LU R ICHAS %,

AD Z#ixh /-5 (FYXLT—%) I, sin K
3. cos T ICZH (down-covert, 1/Q 18#) Xh
%, 22X SSBF LTV 225, —pfrr — fs DREHEL
7 X — 12 down-covert 25, %7z, down-covert
7Y RNVER (BET— X2 EGEO T — X L #T
H) Tirbird, KHd NCO (numerical controlled

FPGA Board|| W), = — I, + W,

Lowpass Filter
Lowpass Filte

X 8.13
BPF ORREN 71 v 7K

OBI &Y R—TlibhTWVSE T XL

EBE o
T 7 L N
EETR
0 — 7
814 FY &N BPF oZE#dREME (n =
—1,-2,—3 0ffi)



oscillator DWE) 23, —pufs — fs DEEZERT 2D
DT, BfErmy 7V BXICIERKET — X213 %,
down-covert &, Z® NCO A ZE D H3 A
X=ITHb,

BWIZHEZ 90 ET 5 L7220 NCO 7—&IZ
X O, BB T —&% sin 7. cos TICEBTE %,
ZD2DODWTIIHLT (FIXLD) B—Ir8R -
7 42— (LPF) TEWRAZ%EL T, Thozd
L. B NCO T up-convert (I/Q ZGf). LT
DA Z#a1)13 % Z £ T, BPF OfSREDEH XN 5,
BPF o##8id LPF 0@ GEliE ) 12H
3 %, up-convert DR, NCO DOfiifH% down-covert
2% %22 T, FBL—FHOEENZE— K
MOZICHBICHEBITE 2 (K813 2, /. KT
FEWTWE2, AD 21453 L <1 DAC HJ7#1iC
BOWTHREEHIT 2 Z 22k b 74 V%D aThE
RoTW3b,

sin fi57 & cos T2 2 HIE, SSBF & Atk
W2 R—ZJEEEL K Dm0 & AR SRR
5 (MO LRED L AED) ICHEET 27-0TH 5,
CDXHITER 2 BRI THEL 2V e IE LW BPF
WiERozw BEHZEZEZTASLERWV),

8.5.2  Numerical Controlled Oscillator (NCO)

NCO IXfEERIREFD L 51T, BT —% (#
sy 7B HOEARCHEY) ZH LK) 5
RETH 5, Tz DA HJ)F % . Direct Digital
Synthesizer (DDS) 1272 %, . NCO DIELH
T — 2%, ZABEED lookup table (LUT) %W
TEoh s, LUT (A5 oZM7 F L AHMEI
WIET b, KA T LD NCO TIXLUT Iz, H
i GRIENT) 272> CT=AMBOEEL L
FTW5, IBFETE=AMKEHS FPGA F Sy
rr— (CORDIC t M:Eh % BEEmutkae) FIAHT
%%, CORDIC D5 DHEEIZR L 2205, HEL
HICKR DR E R DT, NCO BB EfE vy 7
GHX) WKHFT 2, TONCO WK, RO
BOIERIRT — 2 0E b, 7720, #ffray >
& NCO AP E D +mic@mny (=4 V) 7 A

WRTCHEET %) BRENDH B, K27 LTIERF
F5% 5 7 LIS (fir/5 ~100MHz) %27 v v
ZEEL LTHWTWS, 72, ADC 83X DAC
13 16-bit (PERILELZ 24-bit BLE) TH 3,

TR LTEL P, NCO T down-covert ¥3
12 (LPF T3 <), 41V 2 iz BPF RFlEx 58
TETIXN - T 4N R—bYURAETH D, 2D
BEE 2 e BT 2081370, Lo L. NCO
ZHWZIE5 A, BPF OHDLEEBESEWEETHE
DICREARETH %, T2, LD K512, NCO @
NAREEIC X D, BHIC FB MAHD TR T — FH
JIZTEB 2D, ZOARDOKRELRFRDOVDED
THd, wWHIED ZOHFKXDIZIBEZIT T X —
RO DTHRETEZ S, MEEFI vy 7 EHREE )
5 bit BUTHKIFT 253, KPR T 413, FBEEO T
fRREDHY 10Hz, AIAHIZAY 0.5 BREETH 2 (5EH L.
M1 EORBERHI TR TH ),

8.5.3 Digital Lowpass Filter (DLPF)

iz, K813 1cHsa—r8R - 7 4 L&X— (LPF)

WKOWTHIHAT 2, A AT LTI R TWETFY
£V LPF o 7vay Z7K%ZM 8.15 IT/RT, Zhld
IIR (infinite impulse response) 7 4 VX —® 1 f#
T, 1EAhD (K8.16 Dk FEFED) b HAK
7% LPF TH %, n ®RHOANT—& 2, 13T 3
Hhay, TH3, Wy, 5 LPF ORI ERET 58
TR=RTHb, z" L 3veolE (ZZTiEn—1
FTH) 07 —2%2325 (RFT5) Ze 2 EK®KT
3 (BB, K27 2012, ThE 2BICL T,
IO LTV,

IIR
=w,,At
Lowpass Filter Wi 1z

. ~<%<§§>-

8.15 FYXNLILPFO7my 7N, ot %
HAMNZ LPF,




y

Wi

X 816 #HpirarrFrHickszmdbELRNR
0— %2 « 7 4 LR —D[Ek

—RIIC, FTYRNL - T 4 LR — DG z B
(BEUL T — 2 25 (REBR) 22 b D% HE 2 505,
X 8.16 1Z/r T Hiflize LPF Tk RC IO 12
REZZNXBERICT 4 V2 (BERL) OFtHE
RE2B{EOLNL, HEWIE, ZOEBEEOERE H(s)

1 1

H == =
(8) 1+S/W1/2 ].+TS

(8.1)

o s=d/dt LBERITD (377 2AEHEILE
ATH) ALTHb, ZITuwpyld, LPF DK
(BHTHITZ B FABHR) T\ wip =1/7=1/RC
THb,

532, ATz L TH y i
dy + (8.2
dr W1/2Y = W1/2% 2)

EWVWSBRICR S DT, BERULT — x2S 720D

ZroRcT 3.

Yn — Yn—1

= (8.3)

T W12 Yn—1 = W1/2 - Tn

L%, ZZT At IZEERUL DY > FOVREEE R T
Hd, TZTTnDER BZAH) 1TLoTE (Czpyyn
ETBED X1, Yn_1 £ BD) TEHETERZRITHK
LM, BETFTYXNLLPF T, Lo ks51c53%
(At Zt/hE TR, E5 6 THEMIIZET),
Zh &b,

Yn = Yn—1 + w1/2At(fUn — Yn—1) (8.4)
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e, RtEIRE AN ELNDE, chETay Y
MIicL7bDAX 815 THD (F277L. —fRIICIx
M 817D EkH1cHENIND), T T, LPF Ol
B WL = wy At £ X=X E5ZHER W,

DX REHG T 4 L Z—THIUR, EENLH
& (ADC Z#1OfEICHN L T) BT T2 Z i
%5 (ZHhRZIROFE/NIEEELZ T 2ETHR
W o T WL IZOWTHER (ElE/NEUS) v L
TS DT, bit RE/MUR (KD DBIRICTERE D
BETH B, £/ v IR AR TR IEIE % JE
WIS T2 (At D wyp BIEFITNHZ W) &, W
DNXL D TETHEEN L RD, T, ML
W (R HERIEIC LT Y SRR (2 my o
) ZHEUNE R, bit B2 FORELTBC
EDMRETDH %,

CITAHALHRLTEL &, K815 1Z/R” L7 LPF
D7ay 77X, —fEICIEX 8.17 D XS ICELN
%, ZORICHEDLEZ L, K (8.4) 1%,

Yn = w12 - 2p 4+ (1 — w1 0A)yn—1  (8.5)

LEPNDZI LIRS, bBAARD LTI R
(8.4) ¥ (85) IZF o= ALTH2, LAL. £T
hR7= K52, BEEEHE T 256, RESHEICR
%, mHERL LT Wy 2V NS KRB 5E1F. i
AUz 8.15 DIE S BREMBRT S DT, EHIIZ
X 8.15 D & 5 AT 5 DRV [50]

Lowpass Filter

X 8.17 HAWMLZEFYEZNLLPF o 7oy 7



8.6 Digital Filter & z

DUREDENZ D, DWTICTIRIL - 7 4 LR —
Yoz B OWTHBICHAL TE L, Zo®RIcH
B3 % comb 7 4 VX —IZHBRT 2, /2. FlD
HOWO BRI I 21— 3 VICH RT3,

TIORN s T4 NR— (BDEZVIFHES I 21—
Tav) id, BEARMHIE Y X7 A ThuL, BRIk
ENFT—& GRAEICUE LT —2%2E88) 1T
LCIER, FREEHITRLIIET LRV, £
DIEHBENHE 70y JKIZT 3 K818 DL HITH
5, 22T, K813 Rk, n BHOAN T —%
Tp CNTEZHID y, THB, nidT —XEHDIE
FreRTHOT, ruyro (FHENER) FHE A 2
VI RBRTZBDTIEBRNILICHER, 2™ iEm
EEEDT =& (mEfRFEELLT—&) 2355
e rEKT 5,

8.18 zXTRI L.

N M
Yn = Z akYn—k + Z brxy_r (8.6)
k=1 r=0

b, TIRN T 4R — (HDWVIGKRRIEED
B> T 21— ay) TEARMWUES 201,
DEIWRRDRT v TDEZRRZ 7DD LADIE
TH2, o TTFIRIL 74 ALR—DKFTEWVID
W RER T 4 VR =REDE SN S X512, K (8.6)

Digital Filter

bo ()

Xn -+

T —n

818 FIXRNL - T 4 NR—D—EH LT %
R 7ay 7K

51

DR ap, b, KD B, WD I D, BirA
[
TA4NR=IRD,

ar = 0 DFEX FIR (finite impulse response)

ZZT, z B WOBERIL T — XD (> 7L
MRz HEMEIC L) BREGERD X540 (2 )
WHFHEN 3,

2 BHIC X DZERICBVTI. 2er = 27 "Tpn
Ynot =2 Py, EELZeHNTES (k,ri3o Lo
BED. 2D 27" E nHrINiBRoT—2%%
W 2-D0HATOREZT 25, £5FT 2. K
(8.6) 5 (z TEIICBT 2) mEBE H(2) 13,

LEFTIENTES 5],

HOD UL, 2z B ZOMERBRBICOWTHET S
Y. FNFROEFRIX. 7V BT LITHEB L
<.

X(z) = Z Tpz " (8.8a)
H(z) = i Bz ™" (8.8b)

TH3, ZZTh, IZFRDA VNV ZAE (n=0D
B 1EIZI U A =20f) THS,

K (8.8a) T, z=¢¥ EL &, BiEULT—X 2,
W27 -V BRI R aD b, ThE
D, fmEME H(2) 1TBWT, z=¢e* 2RATZZ
LT, TYRN - 7 4 VX —DREERENIE LN
5 (Jz72L. 7V v ZREEE /At 5 1Hz 12
B35),



F72.n>00 >0 ZFITEREL (n <0T
T, =02 LT). 2= EIFE. R 2, D
775 AEHUHIET 5 (At IZBERBUL DY > T LI
MR . BRAIT, e 2 3R (s ) 2B
2 FEIERERE At DIZRIBUCHEYE T 5,

X CLHIHID LPF (3R (8.4)) 1200V T, 3 (8.6)(8.7)
DEIRICHE o T 2 ZHROLERK TR T &

1= (1 - W)zt

HDLPF (Z) (89)

7%,

By LT, N BOBEEEE2EZ 3,
FARM 7 BB -2 o JE B

Tp+Tp-1+ ... +Tp_(N-1)

Yn = N (8.10)
Thbd, £7-BEF (X (8.10)) &,
Yo = Nyn-1—Tpn_N+Tn
N
::yn_4_+.fﬁhiiéfiii (8.11)

L (B $2328dTED, TITC Them =
2Ty, EEIB I EEER 5. BEIEEOGE
BAE H,,, (2) &,

y
HMA (Z) = f
L P S SRR (e
- < ..
(8.12a)
1 1—27N
= .= (8.12b)

N 1— 1

£72%, Lo (8.12a) &3 (8.12b) BEEFLHTDH
D, AIEEE (8.10) OMIICHY L, %E IR (8.11)
WHNUT 2, 2OLS52. E56058% 2z 2

52

L1E oM 2 OBREV, K (8.12b) DIEZ R % &
IR 74VZ—=—DXSICHRZ 2D, BEIFEHITY
R (KR (8.122) 5 %) FIR 74 M Z—D—FTH %
(ZORFEERENRE S22 70y P LAZDHE
W

TIORIL T 4 NR—=DFEITIE, BALWVT 4L
X =K R OGERB H(z) 2 RDZ MR TE
ud, R (8.7) X (8.6) OEFRA 5. BRI LR
T5HEN (X (8.6) DRF) 2RkDZZ e TE
%, LU, HEEKRD 2 EEBRErLEXA4 L2
MZ H(z) a2 bTlERwoT, 7+uJH
% CHfER) OIRERE H(s) (s fHIR) 225 H(z2) (z
T ICEENIEX B2 DONRERGTIETH 5,

s P E 2 SEHIE,

(8.13)

PWOBRICH B (At ZY 7Y R, 2
0. In(z) ZEBILEE (X4 7 —EH) ZRAHT
5o

_ 2 _ 3
In(z) = (z— 1) - & 21) C 31) -
(8.14)
BDT, —~ROWEFEIFEZS L.
z—1
v (8.15)

LIEMPTE 2, ZHEENEEDELE E OIS, &
Hid. ROBBEMAL 7 2RI Tl o%A127
5L BHWsI 2,

1—271

s~
At

(8.16)

Z ORBRIBETELUZ. IZH 1 KA -V NESR =



72 E DR TT038 %

DG LT,

In(z) = 2tanh™* (Z — 1>
z+1

S z—l3+1 z—15+
ST lz41 3 \z+1 5\z+1 "
(8.17)
W) ERAD» S,
2 1-—2z1
~ 2 1
5 At 1+2z1 (8.18)

YLl B3 HEND B,
1% Tustin 212 XN 5,

U M REHD 5

TR LUE, y = sz = dz/dt 1ITDWT,

Ty —Tn1  (1—2z"Ya,
At N At

Yn = (8.19)

CHERUL T 5 2. X (8.16) DBAFRMREHND, —T.
M—RZEHZ, FRIZ y = sz = da/dt 12DV T,

Yn + Yn—1 _ Tp — Tp—1
2 At
<1+Z_1>yn (1 _Z_l)xn
= 8.20
2 At ( )

YEERUE S 2 . K (8.18) oBBRAELNE, 5
B2y, W—RELIPREFALES > THRERX
ZF5TH23 (B, FH VI BIMICRESNWN),

WU &, I SIEMRDTEREICE > T
HIRF T 2R E o VEE b D B, FEERT 4
NR—FEHE LW, #5R MATLAB o>
2L —XHMHAFEKY 7 ML IR BT

53

H255,

HRaAZ, Hiffio LPF O{RERE Z(s) X (8.1))
IZOWT, TRIBANERIT 2z IS E#R T 2 &

WL
14+ W,
HLPF2z (Z) = 7Z_L1 (8'21)
1 —
1+ Wy,

b, TZTWL 1L GEMT 22, K (8.9)
1272 %,

DWVWTIZ, TITTFIXIL » 74X — (7 ZH)
WEBANYRRZA - 7 4% — (BPF) 2% Tk
%, BPF OFRMEZFEHT 2TV D0 (N A 8%
La—RZADMAGDLERY) FBEIEH 20, v
V=2 %Z2Ro 1l UTHIRGRD LK 5 L2 E 2
%, BFP OfmZREE (s g 13,

wi/28

H =
BPF (S) 52 + Wi/28 + w%

(8.22)

rFERES, T T w ld BPF OHuLERE (GLHRE
?&ﬁ)\ wl/z &i%iﬁmgf@éo :ﬂﬂ:;ﬁ LVC;X_‘Z_\“}{
e R LTz HBADOEWZ1T2 5 ¥

bo — b22_2

H = 2
BPF (z) 1 — alz,1 _’_QQZ,Q (8 3)
DEHFELND, Z T, SHFREEE.
1— A?
M= A2 (8:242)
1—- B+ A2
Ay Sy (8.24b)
B
bp=by = ———— 8.24
TR T Iy By A? (8:24¢)

275, L. A=wdt/2, B =uw »At/2 TH
B, CRED. K (8.23) bR (87) BMIBEEES



. R (8.6)ICED 74 LR —FEREES Z AT
%3,

L2 L. R (8.23) IZhE» TH &/ BPF OFE
ZEITHRELTAZ . HDLEABED wy 263Dk
B, ¥ IR E T/ E L FTHE—EL
TL %P, Z20HE, BB L7 X5 THEIEIC X -
T bit ROKEENED R KRS, 2D K RBREE.
W7y > IR T. FEEDEE (2 2Tl wo)
WBWTESEL B 3512,

wo z—1

~ 2
s tan(woAt/2) z + 1 (8:25)

CWIHEMERHWSE ., SFELAbEIZILNTE
% [52]

PED X3z, FY&ENL - 7 4 VX —TEH BPF
DRMEZIEL Z 8 b TRIEETH 503, KD B85
X—& ((RED) dHEMTIIR L, EPOREEEE S
ERLADLEZ1DICIFFEDIDEL KD, FLE
B, IR, M OWT, FR RN ICKEER
T2 %2EZ5L, & NCO & LPF O
HAEGDEARDIZD 28T X —& (FE) D711
FTo&h) L THETH 3,

DlE, FY&0 7402 —1CBLT (FITIIR
ZOWT) ML, ZHURFAD 1T ER
WV, BUL M ZEHER CIC (cascaded integration-
comb) 74X —ix¥, FIRIZHEERAE R
TI7ANR=DEZLH%, IRIZLAFIRIZL A,
FRELEMPELTES LAVDT, HliR, M58 L T
HLZ 2 BEIDT 5,

8.7 KR CBIE—F-TqlLE—

ZNE T SuperKEKB @ CBI & > %= X7 L
(parallel comb filter) IZDW TN LTz, 55
VS, TR ET7 4 VZ - TH 2,

JESEIZIZ, K 8.19, 820 1T RFT LT, THED
(BN 17 4 L& — (comb filter) # W3 D

54

EEE /7N Fre

/ A\

/ \

/ \\\
/!
/ \\
// .
// \\\
I ;
fy f

X 8.19 CBI XY %—H FB L— 128 3 i

7 4 VR —DiFEERE

IQZER

g Up Conv.

Q1R lowpass
filter
Down Conv.

< Q)| Digital| Y
’. i 2| Filter |3

nf;ev

fitl
i3

f;;ickup

P

O|Digital )U>
<| Filter |O
Digital Comb 1-Turn Phase
Filter | = | Filter Delay Equalizer
8.20 —ky7z CBI X v 8—D 7 4 VX —HEK

B—MRTH %, EH. comb filter £”1-turn-delay”
KR () Z#AEDE T, FBHlfHL— 7%
5% [41,53-56], ZDFE, XEKICH B X511, B —
2 pickup 5 TIE R <. MHZER O pickup 55 %
LT (4L 42 RF-FBL—72 AL 0)
FB32D0—RNTH2Z (KENZIIEELTHRE
W, Zhsn A&, Fi2 CERN @ SPS % SLAC
@ PEP-II fili#eR72 & CHE L. BIED LHC OiEix
THHVSNTWS [57,58],

8.19 @ comb filter FitE %215 2 7= D HARY
BER T ey 7%, K820 IZRT, 884 HiT
@ SSBF r[FIkIC. RF JEHEE N — R IZFE BB %
down-conver L. Z D sin 57 & cos KD %Z15 5
I/QEHAT 2). ZD 2 ITITH LT comb filter %
B L. P up-convert (I/Q 18#) U TREBEEGH
ZRT, ZD comb filter b7 I XL - T 4 LE =
XDEHRT 2 (BAZR), 7YKL 7 4 R—13F,



1-turn delay #%RE & M AHMERRED B £ 5,

X819 2 RTo@b, Zoik, J&E R &K
(frev) DEBMEDORIT (BE—F, ¥ Zn b ViR
OV A FAY R pfrey £ fo ZETHP) XTI
WLTT7 4= N 732 R5, TOLS72FB
=3 frov DRV (B— R ORIFEDEW) HE
frev WZHATZEH detuning (optimum tuning) 25K
WA RY, IWWEIFHOE— FE2—F X720
LBENRNTH B, 72720, ZOBE. ALEW®
damp SELHMEEFTHWHILTLE S, Fh. E—
RAGITHNI 7277 A > - N D EE L iz, RF &
AT 5 (T4 MR YRE) FEWEER (RWEE
KUEPH CIRIE - MRS 7 5 v FTHZ Z k) DT
FLW, ZATHZ 54X ba Rt (HEZEE)
PDHEELTLEIEHEAIE, TOIZIA4 R b VED
IR0E - MIAHRAE (open loop FiMf) ZFHMEiL TH =,
ZHE BB U CHIE T 2 RER AT 2 (Ut
W27z & 512 SuperKEKB 51327 74 A b1
VHIBDI PR DD THIEDHE L), 754 A b
v > EDMHMEMKARE (phase equalizer ) 1ZDOW
T, HADI AT LITHKFT 5 7 4 VX —8&ETD
ISR BZDT, RTF A MTIREET 3,

CZTHIET 2. AKFB L2WREREEBIZ. 1freyv
TR, v o b UAREIOBEBE S (ifey £
fs) TH2, HioT, K819 D XS KB (ufrer
D) B TIEL., pfiey DHETH A RIZ fo KRBT 3
2 OD Y — 2 %D comb filter (double peak comb
filter, X 8.20 ZM) 12T 25E6dH S [41,55], #f
IR 2,

8.8 1-Turn Delay Feedback

CBI > %—®D FB L — 71T BNWT, L— T
B 2% 1-turn delay feedback & 59 [2,41,53],

BIZIX. H2BE—F pfren BT 20— TEIEE
tq & bf:i%l/fl\\ I@E@:E*— F ((M:l:l)frev ZOJEJ(EZ;&
2 £ frey BOD T, FB A — T DRIMHZE NG, 4 1.

55

Al = 427 frovta (8.26)

TH2, oT, tqg =Ty ELTEHE. HIBED
BIE—RFOMMHEEZ 2r 2 THd, TROEFET
MIFICHT S Z & icik b, 7o T, FB L= T EESR
Tiewv EL T, H2E— FTHMHFAZELTBFTR, ¥
DE—FIZNLTH, AUCMETFBEhsZLI
b, 2L, ERRDOXSCIZ T4 A by EED
FB > 27 A RRDAARREDY., R R I8 Tl
XN TWS Z e HHHETH 2,

ZD X512, comb filter I2X 3 CBI &> 8—T
(. 1-turn delay FB 217725 O3 —fRIITH 5,
JEFEREIX, HEARMIGBIETENRXEARAGIETHR
WA, BHEIET YR - 7 4 LR —DHIHHAIA T,
T—RERBEIELZ WD ZiE, BIESET T —
REMRET 2212 DT, BERE V> T
Mk (ta/At) OEDRXE) BB Z, ¥ T
kR Z M < $4uE, BERM ORI RIEZREL &
LM, ZNFZFRERXE)DREINCR B,

&b, l-turn delay &7 FB L — 7 D1x
SRR, s FEIRTIE e Trev | 2 FEIITIE 2~ Trev/ A
2T DER B,

SuperKEKB @ & 512, & — FEIZHIZITAIH
(delay) Z#%C = 2855513 (parallel comb filter T
13). 1-turn delay A UFEZE TR0V,

8.9 Digital Comb Filter

—IAHEFE 7 4 L& — (comb filer) 1, 7Y &L -
TANZR—THE2DNEG R TTETH B, TOHIT
W, TRV T4 LR —T, ¥D XL THE
D7 4N —FEEEZ0EHHT 2, T, ki
WX 7= double peak comb filter % 1E 2 5% b N
T5, TITHRE L6 HTHMAL L 2z ZEPES
T2, FHZIK 818 bR (8.6)(8.7) DEURHEETH
%o

DUT o, 3 Cichiiit (AD £#) <h’k



Lowpass Filter

821 HEAWRZRFTYEZNLLPF O 7oy 7

T—RIZOWTRKS DD TH D, F7. AR
2RI %813 AD/DA 2 S 756 0 AT
ERT,

FFIFHEA L LT, lowpass filter (LPF) Dafic
R3, DT, FIXIL+ 740X —I1ZBIF3 LPF
OEBENH (Tay 7K) 2K 821 1X%2R~T, ¥/
z I DRERE e D THL &,

Wh,

H
1-— (1 — I/VL)Z_1

DLPF

(2) = (8.27)

ThH2, =% YBEEEZ D TRBEEE (72
72U 1Hz 23% > VEREUCHEY) 23186405 DT,
|Hppoe (67°)| 2700 b2 2, RI822DK51Ck
%, MiE. Wi, =0.1,0.2,04 DHEICOVWTERT
Tay FLTW3, ZOMHERMEEZK 823 1TR7T,
HERIE Y > PR (1At = fai) 251 B &
%, WHEIZ, ZOMD 0.5 (fai/2) & DARWEHRED
WXL T LPF & LTS (Zh kb EwEREIEZ
DENCE L XN TVWEHDELTB),

ZD XS5, LPF KBRSF. fur/2 & D @AWV
Enfae T OEPOREHRE LTRZ %7
B, fax T EIWFEARREEICR S, il BT
IV fene DEEEUAE DA BUK531E DC By & [F
LItz %, LPF 0o%BE. K821 226 % DC il
EDRNWTF—X) ZZF0EEHIIN3Z 2hsy
Wb, ZDXKIIT for T EITHEIANRF ISR - T
LE 57D, BREE. fox/2 PAEOPEL SRR
7 (A VTR) BDEENRBRVES TOHELLTE
o Z0HAE. AD Z#iFiic (7w 7)) TR

56

o

o
@

o
)

0.4

0.2

IHoee(e2%)]  (F@XK)

1=0.1
0.5 1.0

FRREL [fa][=1/41]

1.5

822 FY XL LPF 0 M (52
B Hpppp (7)) @789 b (WL =0.1,0.2,0.4

A A
as

EREL [fak][=1/41]

60}
40¢
20¢}

-20
40
-60

Arg[HDLPF(ejznf)] [deg.]
o

8.23 8.22 1B} B ImiZ I D AR

R ZHEE THE L. ADW@%K?V&w%K
WS 256805 %, 79 ZVINUET 255
ﬁ/?wH%®£@#M¥k&5®f\%~&%ﬁ
ST HHURMR L TR AE (CIC 7 4 v X —)
BREDD B,

—7J7. ZOREAEERAT 5 DH. comb filter T
»?%, LPF T3 1 D#EDF—& 271 ZEFELTW
0, ThENY Y ILBEDTF—& N 12&E 2

Comb Filter

8.24 FHARMZFT Y X)L comb filter D71 v 7 [X



N=
%I- 1.0
:@ 0.8
—_ 0.6
&
-:a/ 0.4 .L
§ UEIIUIY
=0.1
0.8.0 0.5 1.0 1.5 2.0
BB [fall=1/41]
8.25 T Y &)L comb filter D REIFREFHE (&

ERE |Hop (7)) oFmy b (N =4, W =
0.1,0.2,0.4 oAl

A

I

1\7 \/2.0

BB [fad[=1/4t]

~40

Arg[Hc(e2)] [deg.]
o

8.26 8.25 12 BT B AGZEEB DM Rk

5o DFEDOX 824 DX ST B, T5F 5L T,
comb filter F 5N 2 (FEHAEL N 52k ), Z
DIGE DIZEREBUZ.

Wr,

HoeG) = T =

(8.28)

Thb, ZRIZBWVWT, N =4 OHAICOVWTH
BEREE 7oy T2, MS825Dk51k3
(W, = 0.1,0.2,04 ol zERTTa Y b)), ZDfi
MREZK 8.26 IR T, RIZR T2 &5, ¥
¥ IVREEE ORI N BOBHERI RN S, 2D
K2 TFIEINL - T 4 X —TIE, comb filter DFF
MREG BN,

#ifzNotch Filter

comb filter % WiFFPEIZ U724/ notch
filter D70 v 7 X

8.27

M EXD. comb filter ® V¥ — 7 FEEIZ. >
WEBE R 7 — X 2B X 25, TIRE S,
Bl Z1E. 10MHz % ¥ 7 VEBEET. N=100 & 3§
% 2. 100kHz EFED comb filter 1272 %, HRAIT,
PFIEEE N 721 7= 2 2 RE T 2 XV OO HE
2T %,

Tk, 2O ZIGH L T, #Z D notch filter 2%
Z %, comb filter D@ & [HIEZHIZTIUERWD
T. M notch filter DIEERIRE.

H

NF (Z) =1- HCF(Z)

1-Wy)(1 -2V
_ (1 - (1L_)(WL)ZN) (8.29)

DEIFEoNZ, ThEeTdny 7T 25X

g 0 wi=0.2 N=4

NERRRRARR
0.6}

% 0.2}

E 00 0.5 1.0 1.5 2.0

BRE [fad[=1/41]

8.28  HiifZ notch filter O EBERIE (RIERIEL
|Hyp (7)) @71y b (N =4, Wy, = 0.2 D)



827121 %, F7-. FMRICEREE Y2 7 0y b
22, K828 D &5/ ?d (N =4,W, =02 D%

Ao

Z ®D comb filter & notch filter ZfHAGDHEZ &,
EEdizib R 7= double peak comb filter %% Z & 23
TE 2%, ZOREPEFHEDHIZK 8.29 13T,
2 Z OAIAERHEZ X 8.30 1R T, comb filter Ml
7% L2 LTy ZH & D noteh filter % #H A
EbEdE, ZDXIIT comb filter DHILMNZ notch
filter TRHIETFIATZ . comb filer D ¥ — 7 OjfH]
12 double peak 23MESN 5,

double peak comb filter DIRIZERAEL Hy oo (2) 130

o 10p N=4  wc=0.4, Wy=0.05

N

m 0.8

S
— 06
&
B 04}

= 02
=
0.0 ‘ ‘ ‘ ‘
0.0 0.2 04 0.6 0.8 1.0
AR [fa][=1/41]
8.29 double peak comb filter o & B

(EREBEL | Hyp (7)) T my b (N =4, W =
0.4, Wx = 0.05 D)

N=4 Wc=0.4, Wn=0.05
S 60}
T
= 40
& 20
RN BV BVaR BV
g ol 0.2 4 1o 8/ 1|0
= -
en —40}
S
< 60}
BR¥ [fal[=1/4t]
K8.30 X 8.29 151 B mE BRI D M AR

58

comb filter & notch filter DIREBIOENI R (H . -
H..) 225 DT, ZhZhov— 7 Hlign <>
X =R We,Wn &T 5L,

H

DPCF

H

= g

(2) (2) - Hyp (2)

We(l —Wy)(1—27N)
[1—(1—We)zN][1 - (1 - Wn)z=V]
(8.30)

Ed, 2oaEeREMALZRNCTARE. X
(8.6)(8.7) ICHE - T 7 4 VX —ILIIZB T 35 HE KX
(WX DR »Eoh s,

ZD & HIZfF S N7z double peak comb filter %
CBI&X > %= (FBA—7) DFE—F -+ 74 L& —IT
WA %5, ZDEE. comb filter B X U notch 7 4
NR=DEE =D froy DEBUE (frov = far/N)
W15 &I fax CBIERIE N %#ES, 72 comb
filter & notch filter DFHIFICOWT, > 7w bR
SHRENDH A4 FNY R 4 £, 122 F % double peak
PEONDEICRNTXA=RERD D, 12720, %
WCIER7=E D12, SO BRE—F - T4 & —DY;
G ANEEW%E damp & 2 BHEER 7 S #IH LT
LES,

comb filter ® ¥ — 7 EHEENIY > TV EHINHAF
F % DT, parallel comb filter IZLERT, E— 27
BRERERSFART 2223 LV, 2WwoTh,
BEDT Y XA OFERIIHREE L, 27 DE
ML Z DN FPGA THEETE2X518oT3, &
DEATERICEEELRRBETEZL2ORATLAEZ
5RTWS [59-61],



9 Bunch Gap Transient

ZOETIE RF ¥ 27 & (IEEEE) OREMEICH
D LHEED—>2 & LT, bunch (train) gap transient
(BGT) ZOWTHMNT %,

INFETOFETIE, EB SV & FERE K
A YE—=RXVR) TEZRDLHDNZ o720, BGT
I transient & F 5@ D, FICKRHEFEBTERD b
2 AT, —RAINICIZIETERY 72 ¥ — A BT (transient
beam loading) &IN5,

BGT &, SuperKEKB @ X 5 ICKEENL I >
74 % BIE T EZEANEMIC . o THHETE RV
RTH2, 5D THHMM L FTIEFRRVD,
NI T 4K TEBIMEE LT, EEINREK
XRFEDOVEDLEFR S,

9.1 Bunch Gap Transient D&

E—2DNYFIE, VU 7—EICE D HFICAN
2DODEARTHZ (FREFEDONNYF - P A ITT
%) A, EE. K91 OoETDO XS, —HomEE
(—RDE %~10%) IV Fhkwn (b LA UHE
tihz) Xl (NvF - Fryv ) 23, ZOX
. NYFHEOEBRZRRLTVWEE=X =23 )L
TH3, h=5120 ZDT., N¥F No.0 ~ 5119 12D
W, 640 32 8 RICTIT T, BNV FOERMEEFR
RLTW3, TOMTIENYF No.4840 ~ 5119 &
72b (BTF) IRV F - Xy v FWhhoTW3,

CDONYF - FrvE, 7HR—F - Fyr v T
B, 7R—=1b - Foh—EBHAZLE LETSE7%D
DT EEZBBETHS, E—Lh - 7HR—FLIZ
BERICKERDP OEELRET 212D —20%
AR H L Z2WHETs 2 ThHb, E—o 7
A— P XHBZRHZ, TR—F - Fy v (E—2obhi
W) D24 IV 7ICEbETHF vy h—BA%
B B, b EIFRP T -2 BoTLEDR
WEIHIZT B [62]0

Fh. BE— D= Ao TWVWB e, BEZethp 4 F

59

H File Edit Command Window 4 11:09:55 Help v
Bunch #0 . ER Bunch Current Monitor 1576 bunches @ 0.54 mA A= 0 39 mA #639

85

SR T T
#640 #1279

2700 2800 2300

3300

3800 4401

I\u\mMMMMMMMMMMMMM ﬂ—wx:A

#4480 o #5119

9.1 Bunch EBRE=ZX— KL ENXF v b
(#0 ~ 5119) DAV FEREERL TS, NV
F #4840 ~ 5119 H7 D7 K—1b - Fy v 7

VIZEo T = AN LEENEZ DT VI L HH
LNTWVD [63]e NV F « Fyy FEIA I VBRED
IRDBD Y, A F I ALENZIMZ 2%E S RT,

ZDXIIT RGNV F - Fx v A3V 7
B o TREL INDDDTH 505, NEZE
W o TINHEEEZLZEF S 2 E R LR 5, EHE
DY FIERRE. ZRORER (filling time « Q)
k%«f+ NRNDT, —EEE RME 250, 7

— b FryTDEIZ NYFERIPIKEL GE
< ) EbdIANDHDB L. ZZRADNEEFICETD
»rb, T4 % transient beam loading & FEN,

THR=1 - Fy v AKX IEBENLHT 2 ER
FaM 921K 7, Bk T, iW#E—A%m
(N F - b A Y) TUDIEERE GRIE, () %
RKLTWD, MDLSIT, NVF - Fx v 0D D
© . N A E [ T AR X ., I E E O AR
M - MAHDI N F - P LA Vo TR T %, 2
73 bunch gap trainsient (BGT) XETH 3,

SuperKEKB D JEEIE A Troy = 1/ frev 149 10ps
ThHd, ¥xv TRE. 794 EEF 2% TH 3
DT, KL T Aty = 200ns 1T/ %, 22 D
E# (filling time, T7) XHEEEZER (ARES Z40H)

G (ANBEEECD L2 NbDT) Tt
201wt ~ LpsTRETH D, ZHUSHLTHF v v 7



ib (t) T, =10us
E—LER o e Alg
sEEE EhS (& t
Vc,q)C IEEBE (HRIE - (248) AV A¢
s ¢
Gap#§ << filling time AV M(ﬁjmg Ag = ,1,sing, (Bjm'
v. 2v. 10 2V, o) * t

9.2 Bunch gap transient DT, N> F -
Fry IPHdZLiZkb, MHEEE RIE - A4
DRERERATEREN S,

MEA372 572 200ns L EZX Y. N FERIPAIIC O
WD ICIR 2 DT, BGT #HROEE I/ NE L 2w
(BEMN M ER T 5),

Z DN ELEDOEEH I 72 2 DIF, EZEAIC
BWTTH2, IEMHEHIEDLZ WS Z2IidE—
LD 7u ba UAREOFLNE TR DNE)
MBEDDZLIZRDDT, HEMIBWT, E—2All
HEDAEN TS Z LI %, SuperKEKB 1 f#
R TREMDD 5 DT, HMNWICHTFD L — L7
EEOMNBERTNEZ LI )T AaMETFT2Z L
1272 %,

BGT O¥EMH Y >~ (HER ¥ LER) % -7:¢
MU CHMHZELD £ HALTHIUX, HETOD
LRI FHEICES RV, L2l HER &
LER ¥ Tl&. RF ¥ 27 4O (Z2iffEEE 80
REIELEUEDPE oK Big D IENTH 5, K
ARES Z=MIZ R i 2> TWa 2o, BGT
DEENPKEZ W GEMIZHRAT 2), o T, BGT
RPN I 2o T 4 IR TSR KR Z W,
SuperKEKB D8 TH 3 KEKB IEHE Tl EW
BCGT DI 7 T 4 NDOFEEBIZR SN2 o 7205,
SuperKEKB 13182272 KEKB & % 572 < £72
¥, U—LERPKEKB Of 2 f5i1ck3 2k
ZHEZIUR, Fo L BNITET, BGT RO
B EECEHME T 2 R ED D B,

HRAZ, J-PARC Y =7 v 7T chopped & —
L7 W EDIEREBENZEH SN TL S HELD 5,
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AU MEEFEOEH & v S BRICB W T, BGT
YALEE>THEY [64), J-PARC V=7 v 27 Dl
&Z. RF BlEED 324MHz & 972MHz (N> F [
fRl 324MHz O JEH) T, ¥— 240V Z0E 500ps D
HNZH 1ps AT F - £ v v 72 FHiD (chopped
M) E—oaZhET 5, ¥ v v 7IEIZH 500ns
DT, EEMNZFHEZ SuperKEKB & Bl7= & 5 72
Tk 5,

BGT #HRIC X 2 hEEE (R, (M) OZ(LE
(AV/Ve, Ap.) ZERINTKRD 255, THI LN

T,
AV wely [ Ren
— 1
v oV <Q0 ) Aty (9.1a)
. wrfIb sin ¢s Rsh
Age = oV ( 0 ) Aty (9.1b)

PR LND (65,60, 7L, ¥y v IHERD
filling time IZLERTHDE NI & (At < /T}) #3
AR TH 2, ThED, MEBEDOLFRIZF v v
TiRE B — 2ERICHHIT 2 Z e nh B,

EIE, ZAFETOHEEICBNTD, EitoR» 65
LNBMEEKE GEVERY, LL, Bidd 25,
ARES ZER DA T IC RO RSV TIEFHIT =
BRVFRIR LR D D B, £ DTz, SuperKEKB O
SMFITB VT, & D IEWIZ BGT 1 3R 0 #& % F1fi
TEFEIDEICR B,

LZAT, BLEFENHID o THHNEdHH, —
EIWZ725 K5 RF ANNZZEZTHIE (74 —F -
7 47— Fiilf#l : FF #l#) TRV, tEZX 5
NZ, LD ZDOEYTHD, L LERKIRDS,
SuperKEKB D817 74 2 b o > OMEE (R
THIR XN T, FF #lfEhc X 2 fiE3IEFICREgEL 5
25, TOHHEMHHICES &, HLEHEMET
% (FyriLXE3) FFHlfE,. HEARNCZDZE
FOBERTH 22 AFEOINEDHIHBHEL W
S5t THd, DFD. ¥v v 7iIE Aty = 200ns T
A7 TN E T3 2 EHIIGT 512iE, &
KTH 1/Aty =bMHz (R 7 v 7R DT IO O



WEPREL WS e ThHb, ZhIIHLZ T4 R
b a Yy oI, T TR & 51289 100kHz TH
%, Fi, KERE—L2ICHLTHIETZ (Fyv 7
2D ) 1. ENLZTHIIRY =BT B,
EHIRETX ZKEBRY — 2 AR ZHET 272012,
7 7 A P RFEERARE I TEER T 20T, 7 —
WL TR D 5, F 2D ANFEE R
ZoNWAREMED B, BLEX D, SuperKEKB
WBWT BGT A2 28581k, FF il X %
FEEHEN L IZE R T, o FIETHKRT 2 4%
D5,

F 7[RRI, FB I CIEIANYF - £y v FIIHE
TERW (FF e TE RV D% FB i
TEZ2DIDRV) DT, XNVF - Fr v LT
FB Hll#ENI KRB DR 72 Ve, 2 —EIfRDO Z &
1275,

Fofth, NUF - FLA VIR0 — A EBIRERE
(Al &Z =) BEZTHIET 2515 H % [67,68],
ZOHED ANUF - LA YOFRTREREREE
Z 52 208X HD, ROV VT4 %H
#69 SuperKEKB 12 ¥ - T Y — A EIREE IZMHELIC
TERVOT, HENLXRIZZ L RWE Bbi s,

9.2 BGT 3RICK B IMEEEZE1L

B0z, R (9.12)(9.1b) OFEHIZDW
THFCHHLTBL,

T 2T RIE - AAHORFRIAA L (Z57H) % &
IZ32DT, BHEEDOT Y Ru—F (R=2NY
M) OmMZ(LEMR S, % T, ZAEEIX RF AR
Bowg TIREIL TV L LT, XD &5 ICEH
SINTVWE LT D,

V(t) = Vi(t)e (9.2)

ZZT, g3 INFETCHMAEETHVWZRT K, b,
cCOVITNOZEKRL, ZNZHHRARFICLSE
JE. ©—AfihEEEE. MEEEEZRT, 20X,
Vie(), Vo (1) \3EEE T, T 2R DIRIE - MAHDR;
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BZERDD LT 5, T Volt) = Vi(t) + Vi ()
TH 5.

ZZTET., MEZEN (IR O@ERIGEIC
DWTEZ b, t <0 CERAEBLEDEFIRECHD .
t=0TR7 v TN AIBEM (B2 WIZEE)
D ETHE. Ve DIBEIR.

[Va(00) = Vg(0)] |1 — e~ ¥/ Till=itans))(9.3)

ERED [65]e T T Vg(oo) id TR L
EWIRREICIR o L EEZ R T, HHORER (filling
time) T 125 T exp TIHE L. 72, ZEHD tuning
fiAH o 1 & D AEDIFRIC (LS 2 Z 82z b,

3. T2 TR A RF 7 — W () IEEIC—E
(FB #llfNCIE ANV F - ¥ v FIBE T Z 5 wH0
W) 2T 5,

V— ADWRWIREE (t<0) 26, t=0TE—L%E
MMBAT v THEBCEREHE Lz T2, 4
DORFEZMIX. V, =0 & LT,

Vi (t) = Vi (00) [1 et/ tamﬂ)] (9.4)

¥i2%, 22T V(o) BEHKEDELE (—EL—
LERDE T 2EIE) DT, 6.2 HOFED» S,

Vi (00) = Vire?¥ cos (9.5)

TH2,

RiZ, ZOEL—LEBRDAT v Fiihb LR HER
(AT %) XOVWTEEDEN AV, #E X %, AT
P32 filling time IZHEARTH AW (AT /T < 1)
LT, X (94) Dexp Z1ROHETEMT 2 &,



AV, = Vi (AT) 13

AV, = VL (AT) — 4, (0) =

AT jrany)

Vo(AT) = Vi(o0) - 5

(9.6)

7%, 1—jtanty = e 7Y /cosy DT, Th
= (9.5) &T.

AV, = VW (AT)
AT e 7Y
— JY ——
Vire?¥ cos Tr cost
AT
‘/brTf (97)

RESNE, THED LRVE ERY (I T
D) B, tuning f7H (detuning) 1FHE LRV
ZEWah Db,

TRRIT, O — 2B AR 72OV R TE
THEGEEEZ D, ZOVZAFEIZ, AV F -
Xr v 7ORBEICBNTEY ¥ 7O REE T,e, T
BB, Trey BZEA filling time IR TN WIHHE
(Troy < Tp) W& K92 1TRT X512, BEZEIAR
2 ETEETERIREBICR S, TRhbBE UL RIEH
PHRETENZNFR CHRIE - fHEICED . 200D
BRENDZIEXTTH 5,

TOWE. E— LDV T - X p v FITBWT
. 2ULR s R Ty TREBRIC (Fx v FEEHE =0
e#E 2. BEAME, X (9.3) KiEs Z ek
b5, 7272l ZILOAFAEZHTH S, 255 bk,
¥y v TR Aty B0V (At, << Ty) BE. &
FEOZALEIFK (9.6) LRI Z &iTk s, [EoT, JA
oL R - B — AERIC X 2 EEEEEIE.

At
AV, = Vi —2

T (9.8)
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9.3
HEREEDMAEZ Ad

NYF Xy v AITEBEEZN AW &

EHRB, TZTWIEF—ETHADT, kb ki
tuning A OEEN R VWE T H L, K93 DX,
CDOAV, BZEDEEXV, DEB LD, TDESIT,
EHIREBOTFEN 2 Vie 226 AV /2 D ETE
1275 %, 2O optimum tuning DFE ZHiNT
W3 (bR d b K2R LT\W5)
M. T T TODEEZ optimum tuning T&H % HEILR
W,

PAEZE(RICBE L T, IEBLEDO K E X Vo gk
TAW DNTHSZ (NF -« Fx v IHHoEW)
¥ 3ud,

VeAg =~ AVj sin ¢ (9.9)
TH5DT (K9.3ZH),
r Sin ¢g At
Ag ~ Vorsinds Al (9.10)

V. Tr

L%,

MEXD, K (9.8)(9.10) iZ2WT,



S
Vor = 153 (9.11a)
7y = 20L (9.11b)
Wrf
Qo= (14+75)Qu (9.11c)

DRFR VS . 2 (0.12)(9.10) DRSNS,

9.3 ARES
9.3.1 KEKB E#ICE1T 2 EH

ZZT. BGT #RIC L 2 EBEDZLITOW
T. KEKB/SuperKEKB @ﬁﬁfikiﬁ \F % EH 7z KEA
52,

ERICHITS BGT

KEKB O#E#zic B8 W THHEIE N7z BGT 12k %
v — 2 HZE LR [69-72] R EICHE T W
b, ZDHHDHIEK 9.4 & 951 T, ThEh
HER ¢ LER O%&8TH 5, Hlls v - ID T,
#EHH1X” Bunch-by-Bunch Gated Beam Monitor (&
XS "Ck BTy PO (NVF - L
Ao 7) E— il TH 2, Nr v b ID I
0~5000 ET7BR Y FLTWVW3, EfIT I 2L —
P a v IZKBERETH 5,

IDBEBORBANTF - FLAYOETHIIHZD, b L
A VBRBIZX Yy ThBD 5, ZOREAYF-Fry
TH10% THH., BAMDK) 510 N7 v FAF v v
TR > TWd,

.94 95%’7”3‘1_0 BGT leE)le] 0)1_L

AMW@%%#E%ﬂéob#L\;®lfiEk\
Ay%-bv4y®%ﬁmx%y7@i5wﬁmwm
NHEROND, FiZ LER THETH %, @F D BGT
MRTIE. 20X RBMFEERY (K9.2 2H),
o2, OB ERRE, ERVICELL TV
B LTk, 3 (9.1b) 1T X B Ml eV, 2
YIal—TvaryYdhEI—HLTWVE,
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4'IIII]IIIIIIIII

- HER: 470mA

IIII!IIII

Phase [deg]

O | | 1 11 1 1 11 1 i 11 1 1 | |
0 1000 2000 3000 4000 5000
Bucket id

9.4 KEB EEIZBITZAYFEDY — LNH
OWERF (HER)

LI [ L I LI ] L | T T ‘ T ]
M M . H 7
o 3 ... ‘ e e S 3
Q : -
S, N
8 g L b —
2 .
£ ¢ LER 660mA o
L1 1 1 | | | I L1 1 1 l | T | [ | I I | :

1000 2000 3000 4000 5000

Bucket id

9.5 KEBEIZIZBITEZANVFEDY —LN0H

DOREH (LER)

X 9.4, 9.5 1IZBIFZNNYF « b LA VEHDENL
MHZ bIZ. ARES ZHHICER L T\ Z e 90 -
TW5, ZAUIHRTHAT 2 X512, ARES 20D
HHrER LY Ial—Ya iZkoTHLMIC
o7z, Tld. A ARES 2825, 20 & 5 &t
ZALENE2 RS %,

9.3.2 ARES ZRD%HE BGT

B 7.6.1 BiTHRNRI X 51T, FENYFALEN
DXL LT, 2 detuning Z/NX <23 (Qo
EL$3) 72H12, ARES 2K 9.6 1IR3 X
S L o T3 [6,30-32, 2D XS5iZ. RF
BRI ANVF -2 REL U THEZER) % sz
TCHESE2 222X D, ERIZ Qo ZE< LT
W3, Fio, MEEZER & BRI OIS TS24 )
WKWEoTHEIN TV, %ﬂ%ﬂk%é#ﬁmé
P, HIRFEPEICTHBRICTH 5, ANFEE
FAFEZERIC D D . RF N7 — 3B 22 5 %A X



Storage Cavity
(S-cav)

Coupling Cavit,
Q >, @ P _g v Accelerating Cavity
s s (C-cav)
k (A-cav)
Input Coupler P RN
c» W L 4 ;
@ B, i Beam Axis
Parasitic Modes

(0 & tmode)
to damper

RF Power

0 mode — — —

U, /U, =k k] for /2 mode
o, =4, /(1+0,/U,)

n/2 mode —

nmode — «— —

9.6 ARES ZZR DX

ARES ZE{{, 85 X — &

Q-value of A-Cav (Q,) 26000
Q-value of A-Cav (Q.) 100
Q-value of A-Cav (Qs) 180000
A-C coupling factor (k,) 5%
S-C coupling factor (ks)  1.6%

#* 9.1 ARES Z&{[{,$5 X — &

N, £9.11C ARES ZDEZE T X —2Dfl%
N

O XS ICHIRSEEB A S ¥ . 2T —
DOHIRIFE L TIRZ H0, A 3N T 2RO
FPUIHIRE— FOFETE S, ARES ZEHD X 512
3EMPHEEINTHGEDE—FIE. 0F—F, 7/2
E—F,. 1 E—FKD3Dr%B, ZOE— NI WS
NV FARZEMCHELL TWT, BE 5 R AL
MZEICHY T2, £/, 22D E— FIZHEIRAE
BRI 2,

ARES Z2ili3 7/2 £— FEEHAT 3 (BiizsE
XHRESIR), WX 3 L 1/2 — FOHIREFE
frjo BSRE BB fie & —HT 2 &5, KatshTw
%, LT, M#EZEFOD detuning & A f, 12X LT,
ARES 222k (7/2 €—F) ¥ LTO detuning &
Afrss s

Ua
Utot

Afrja=Afa (9.12)

64

WIE> T E NS [30], &I T U 1& ARES &
tk (/2 E—F) OEFTIAX— U, 3IHEZR
DEBMIANF —TH b, m/2 E— FTid. C 2
W27 4 =V EFRIFEAERVWED, CEHOERET
INVF=FNE N, 207D, U % IR OERH
IAINF =T DL, Uy ~Us +Us THY,

Uo 1
Ua,—l_US_ 1+US/Ua
v
1+ (ka/ks)?

Ua
Utot

(9.13)

E4 50 T T T ka, ks W3 ZRZNNHZER & 522
OB OFEE R, BrEZER & # &2 OB OfG & ET
Hb, (K96 B8, ZITU /U, = (ka/ks)? ~ 9
LB EICKEIEATWS, ZAIZE D optimum
tuning TDZE detuning 25 A fr /o = Afa/10 1240
ZoNb, T LTHAENY FAREENEX
W WAL o T 5,

HRAZ, 8 7.6.1 HiT. ARES ZHiZ 7V 4 v &
TIZBWTHI-30kHz @ detuning (optimum tuning)
278 % LRI, ZAUR Afr)p DZETHZ, D
ED. E—LAHMIINT S detuning DT, T
IEZEH D detuning % Af, ~ —300kHz 12§ % Z
LRERT 5,

—7%. 0EF—F, 7 E— FOHREEEICOWT
i¥. ARES DB EzhEN, 1/2 E— K6l
+4MHz B T\ %, > T, FENY FARLEN
DOIREE— FZRTIE. AT SDE-F%Z
ES 3 b D7, L, @wENEY —LERR
GBI 72 BRI ) 1. 2D 0E—F, 7 E—F
PRELINEZXEEZZ 21K 5,

ZNTHRE I N 0, 7 T— i, BHEZEH»S
AMCELD L & > X8 258 (A Z=Ees) 23
HBDT, £L 0,7 E— FOHRIHEL Z 21k,
5D LIELLE D b, WA X 2 B
B, IR THEEERBERICE > THX Yy FEh 5,
ZD7=DREEZEFEO Q Ak 100 2 (Q. ~ 100) T



Hb, LU, m/2 F— FIIHEZRA (FROZER)
WITERGDIEE ALV TBWE— RRDT, BT
B ZeldRv, 25 LT /2 E— FEITDhR
INBHMAICKE>TVDE, 2O 1/2 E— Kff
SEHOVEDTH S (7 LERHEETIZRN),

PlEn»e, BGT2X b, ARES 242 0 € — K,
7 E— RHPEI NS Z & T, MHEFANIKELE
BT5Z21Ck5%, Lo, MBEERBERICLD.
0E— N, 7IZAET 20 TEL FHEILRV (e
2Qc/wyf ~ 60ns TIEET 2) o TOABNVF - PL
A VHRBRIZBT 2 HNMIHZLDHER L 72 o T b,
o T, BREZER (BEL28H) Tk, 2D &5k
MAHZLIZE =72, LER 12 ARES 22721 C&
BELTWBDT, M95DESIC, NvF - bL AV
S THWE L EEF IC RN S, —/. HER IFHIE
H2eR e ARES 2420 L THh . B2
IO DEEDE L HEPREF WD, ARES Z4{ O
HOIMHZGIT Y — A RHIC K E SR LRV,

BRAIZ, 0F—F, 7 E— FITERT 2EE N
FARLEWEICOWTIE, /2 E—F (RF FER) %
PATOE—F, TE—FDA YE—X 2RI
R RIEEZ L TWB DT, ANV FARENLE
BWZH v e AACEE, KREREBEICROR
W (6,730

9.3.3 SuperKEKB ICE T34

iz, SuperKEKB DEERIZE T 5 BGT R D
Bl Rd s

KEKB Rz, &gz GEWZ(ko) RE fiitH
ZEEZEECH SN TORVWE S ROT, LidTiE
N FREEANY FBIE LR Uz — .
SuperKEKB HICHFE E Nz m#E 72 &L RF il{#l
AT L [74] Tl MHOEWELERERE, Lird
0.1 EOBETEZICHERREL 7o TWb, £DT
». ARES ZEH D pickup 52 5. BGT #hHRIC &
BN LD EEBNTE 2, 20 1HI%X 9.7 12
ZNEDS
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= |\lcasured Phase @D5F

2.0, = = Simulation
D5F (LER) Gap 5.5% _,| |4_
80 10# [=840mA Bunch Gap
= P (@D5F)=40kW
w L b
a 0.0 -
®
73
g L
é -1.0
> ¢acc=810
2]
(@) 20 Af=-10.6kHz (A-cav : -106kHz)
%2
- Trev = IOHS
'3-0“‘ " | —— - P
0 2 4 6 8 10
Time [ps]
9.7 SuperKEKB ® 7Y %/ RF #ilffi> 27

LTEIHIE N7z ARES Z25H D RF fiMHZ L, SR
HHIEME T, WD Y I 2L —2 a VB,

B 9.7 oM CEEE (Te,) O 1A%
ZFay b LTW3, i, 2 ARES 22/ pickup
BEDOMNETHZ, NUF - Fx v 7OEZ 5.5%
(%7 550ns) TH2, NVF « LA VIZZF->TH 2
EofitEEtrnRAons, £/ b LA YDOEETIE,
1.5 L HVWOREWELA RSN E, Zhd LD
ARES ZEH® 0 £— F, 7 &— FISERT 3 MHZE
ETH 2, NYFMNHDOUETIEITD SR o 7=,
Xy v 7HAONMEELLD Lo hlEINTVWED
M5,

9.7 DWEHIZ. ZORDOEMFICEDELY I 2
L—Ya ViERERLTVWS, 2O¥Ial—Ya
Y%, ARES ZER D 3 H2HH DR % & eI ALz
bDTHb, TORR, >IaLb—>a kbl
ERGER GRWNHZ ) ZRAHEHTLZZ e TE
J2o NUF - X% v THOMHEELDBHEL > 2 2
L—arypki{foTWwW3, ZHITED, NVF -
LA VSO HENIEZ IE ARES 24D 0 E—
R, mE— FIGER L TW3 Z 2 23HHEIC R - T2,

7272, M97TT, ¥Ial—3a UFER (B 12
F. ANYF - b LA ETEICHEWNAHIRENID R S



05, ZTHUFRERR (EH) KERLATHRY,
ZD LA VEEHOENREIOR 2 #HWIE, MED
2D QME (Q.) Wl MKIFT 5. ZD Q. DFERE
DR G o TWRWATREMEDL D 5, b L IEHE
ROME GHERE) T ZodVWELERZENh T
WRWATREME S & 5,

RDFETIZ, BGT I X 2 M#HBEOLH %, K
T I 2L —Yary I3 FEEOVWTENT 5,
FRi2, X 9.7 12”7 ARES 220 (3 #22R) D
BIZOWT, BERNREETEERHAT %,
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10 Transient Beam Loading Simulation

WER 72 ¥ — LB (transient beam loading) %
ERINCIHIT 2358, > 27 L DIZRE (R
IBE) 6T 77 AT 551k ([67,75,76]) 722
bH DM, T, ARES ZEHD & 5 2Rk 72
2Rl 2 2o, R TOY I 2 —va Yy
FIRCOWTHHT 5, T/, BRARAYF - b A
> O (BiREEZAL., fill pattern) 1ZFHITHIGT
BLEDEMTH S, Simulink FOWRHS I 21—
Parv V7 eMHTEZEEH20VWEEIN, Z
TTWER BV IalL—Yay s a—FEREIEA
DWTEARNRFEIZOWTHENT %,

101 BHulLZ=R BE—E—-FOBE

F3. BROISEICOWT, WEOHE IV 2L DS
HBEIWVEZELTHHE—FE— RIS (0D
DOHIRIFE Aff3) HEa%2EZ 5,

A
=

X 6.4 7R3 & 5 BRIREBEEICONWT, ASIER T
WX BEEV OIREE, MO AEATERT &,

d?V(t)
dt2

wo dV(t)
Q. dt

o UJOR
Qo

+waV (1) I(t)

(10.1)

DEIHEF B, T T RIZFAKER (R = Ry, /2)
TH2ILIFERPBETH S, $/vwy =1/VCL
‘t\‘%éo

Kz, V(t), V() IZDWTUTD & 5 ICE B
IR

[Vi(8) + 5V;(8)] - &7
(10.2)
[1:(8) + 5L (#)] - €7

ZZT. BBORT r & jlkthehER L B %
KTbor32 LEBFEL), ZhziX (10.1) i
AL, 2B REL T (A%2/dt? =) RELT. 1X
DIHFZIHET &



d‘fit( ) + ’7001/2‘/ (t) + Aw‘/](t) = w1/2RIr(t)
dIZI( ) 5(t) — AwV,(t) = wy o RI;(1)

(10.3)

DX Vie(b),
% [77), ZZ T,

V() iIcBE L TE AR S

wo

= — 104
w1/2 2@0 ( a)
Aw = wo — Wt (10.4Db)
y=1+p (10.4c)

LEVWTWS, ZI TR wyp & Q TERLTY
2 ICFEREINY GEFIE QL TERINDS),
CDEIWCERLTWVWBE DI, %D ARES [ %
WoHGEDIDTH B, 2. I (5.5) LFAKDIL
PlzAwTWwd, flicsd, KX (10.3) 2152 i3,
1/Q7 ~ 0728, 272 DEMETR o T (FH
(77 2R BESBETH S, PIZER KX (10.3)
FIR3 2856, QEXD 2 KERE < (Qr > 1000).

detuning /N X WVWEHE (Aw < wy) RSN B,

X (10.3) O, FEHDE 3HE B3 L EE L I
BELTVWE (ANEDboTW3), ZOFRE (Aw)
37205 detuning VHZE(LICHYS T 2 Z & 235,
DERPLB TS (Aw =0 B 5B EIHBOMES
BN,

-
—

HRAIZ, R (10.3) D & 5 BRIIFIREFEK &
XhTtns

DI, EIBe e AbE7=R27 b, HBW0ET
| —7 (RIE - fikl) 2R TERBE, A XV v
27 @ bold RDZEETER T, AR, X = (X,,X,)
XiE X =X, +jX; TH3, X, X; Zzhzh X
DI, QDT EE>THREW,
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R (10.3) o4 (ikIE) 2B 2ERIIZ. 7
FAZRI YDA RF XY —ICHE T 2 ER
L. V=28 I, b5, ©— LERPINHEN
Miehz886. I=I—I, £ 3%, % ARF 7 —
& Pc =1/8-RIZ/B OBRICH 2 DT [20], Tk
DIANRT =5 [ ITHETE 3,

SRED. K (103) VTS IaL—avd
522125, ZORUE, FIToVVRHEELT 3R
IEAR D RF FE O FHET  CRfIC S8 22 T HIEN
MNLT) FbhTwsd,

X (10.3) 225 (FY &V LPF e AMIC) FfEi#EE
TE3H GEHL TTse.

‘/r’nJrl _DL
yrtt
J

V:L
1- Y WL V}n

AL v
+2Wi\/B [Vg’f] — WL [V}g]
J

. 1 _'YWL
= DL

’ (10.5)

ELZYNTEDR, TIT,

Wh, = wl/gAt, Dy, = AwAt (10.6)

YEWTWS, Fh. v =148 Thb. n3iED
27 v 7 index &3,

R (10.5) OHEEIHICHNY T 2 87T OWT, Ve i
A RF X7 —ICHY 35 (0bIiXExERD) EE
ThHb, Ial—aryTHRSBEXEZERMD
E5DEENRY (BHEEICR T —LVE2EDE D
152 EV) OT, B =1/2-V2/R LT,

RI = 2¢/B Vi (10.7)

DEoT, REEZHRAEL Ve ITEXRITVS
(GRITHTWS Vi, L3RR 2 Z 2 ICER),



—%. R (10.5) D V4, 1&, ©—LEIRIC X 2N E
JE (5 TOFETIE W) WKHYT 3, (E-oT, Zh
FTOWV, CLRBERZRZZICHERE, YIal—va
VTR VL &L IEEE Ve THASIL L 72 fEI22 5 &
512U T,

R 1,
R|Iu| =W = Vit 8)
L,QL <Rsh> 1 P,
- - b 10.8
Ve Qo 1+5 Poly o (108)

E52%, ZOLSZ, MEBFEHT 2 -8
FDHRTAIX =22 52 25T, BFEYZ RF
NY—FKCET. EERMOBUETHBEWUE S %
ZeMTES, L1ZL. BTAH LN 22, 24AE
FEV,i3¥3Ialr—yar T FBHlIHOREEZ A
T CEEMN) —EThs23 5, ZHUTH LT,
¢s DMHEEDTFT WV, 852 %, H50VIEHITV,
& —¢ps DRMHEDIDL K512, Vo & (FE) —
EW2D E512F %,

PlEED, K105 TAYF - Fy v AT 2
X2, VP BAT v TICIREEE S (Fv v TD
EZAHREVI=08F%) TOLTH v AT
BZIEZERDIGEZS I alL—>a Y TED,

T/, KEIETEER Vg £ 3% . kKR (K
BM=2EH) TV =Ve+ Vg THZDT., XD X
SIRGHER DY I 2L —YaryThEons,

Ve =V"/B -V (10.9)

2T, Ve iU TENEETEREENTND X5
WV IZVB=+/R/Ry B> TW\Wab,

DL EDGEE, FeicibR7z X512, JF-PARC VYV =7 v
27 @ chopped B — 2 L THEMKIZI I 2L — 1
TZ&%,

L ZAT, FHEHEEOGED 6EN 525, I (10.3)
WOWTT T I AL (s=d/dt DEZHZ) ©F&
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sy=A-y+B-x (10.10)
tEENPAONDS, TIT,
_ | Va(s) _ Rh@q
=) o= [R
—ywiz  —Aw _ 1 0
A= [ Aw —’YW1/2]’ B =wi [0 1
(10.11)
THb, Zh&D,
Y(s) = Heav(s) - x(s) (10.12)
DIBITT % & 2R DIRIZERE Heay (s) 23,
Hcav(s) -
Tw1/2 s+ywip —Aw
Aw? + (5 4wy /2)? Aw 5+ YWy /2
(10.13)

YEOND, TD Hey(s) 2flioT, ZRzEH
27 L DFERBEES FB L — T OREW R %5
ffid3ZLATE 2,

CZTHAw=0tT5r, FEH EH T,Q K
7)) DFEEHRL D, B—nRR - 74 X =LA
mERE

1 1 0
cav = 10.14
Heav () L+ s/yw1)2 [0 1] (10.14)

ERDBIEDTHB,



10.2 ARES Z=F (3EZERE) Dize

T, K ZNFTOEE%E ARES 280 (3 #2ZE]R)
DGEIWIREE 3,

ARES ZEIZ[X 9.6 (TR & 512, MEZE (ac-
celerating cavity) A& 240 (coupling cavity) %
U CTHPRZE (storage cavity) 23S L TW3,
DFETE, ZzhehoZEfz A 220, C ZEH, S 22
Wes5, £/, ZhzhOZEMIcET 2E8ES
Wi a,cs DRFEMI T, ZhzTtcok GEB)
MEEEZ2HDET 5,

2T K (10.1) s 2o/l ARES
ZERDGE, {EAEEE V,, Ve, Vi &2 L.

EVilt) | wa dValt)

Az Q. dt +uaValt)
_J;yﬁf) %iwuo(mim)

Tl e ) v
____ﬁidgzif” _.€;d23§§” (10.15b)

T (s 2 T v
:_%¥£f> ﬁfﬁﬁ)ﬂﬂwd

b, Ehozhei A =R, C 2R, S 2RI
WIET2MAHBRERTH 2, 22T, wyn Qus Ry
(nia, s, c2RY) 1Z. ZNTNEZHNHIGT %
HIRERE. QM (Qo 1), ZHHEIEE o
ThHbd, T2, ka, ko 1F 202 A-C 2R, S-C
ZRAMOMEEETH 2, ZOMEEEZNL T, Eid
D3IODRADFEEEINT VWS, E—2Aalk A 28 % @
WT5DT, AZEHADOREE: LTI, d %, £/
RF U — 32 5% A S5 (ARG e
HrRZERICH %) DT, SZEROEEY LT I 23
H5,

T TC. HIENCHES & 3 (10.2) 12 & b =R
SET, X (10.3) D &5 2EER, EARICEALTLIX
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DOHENHEREB/ VDI THEH, Zhzx Lo
3Oo0NICHEASETHEMBREHET 2. 6 00K
DG D THh R D EHICR %, 22T (10.5) 128
PLTzs Y IR 2 XS WCHEERT &

Vit [Wa =Dl [Var
Vot T D Wa | |V

o ') ] - ]

+ ol —B | b
|:_Kaa 0 ‘/cj Vbj
VcCE—H _ Wc _Dc Vc?"
VA T |De We | |V

0 K.l [ve 0 K| [V2
el ] L b

]

(10.16a)

(10.16b)
Vot _ [Ws =D [V
vt = D, WL | |V
sj 8J
0 K| |Ver Viy

BELND, DX, &4 (Lo A ZER, C
ZEld, S ZEH) 12oWnT, zheha (10.5) Wb
T5ARTHD, /o, ZENEAETEEO 2R
MELTWS, ZOR, EHEESHZHICLT (-
T) AL TWS, T ZTHEFRKIE.

w

_ _ W

Aw, = wy, — Wy, W2 = 50
Qu

F = QWS/QAt\/ /BS, B = wa/QAt,

Wa =1- wa/gAt, WC =1- wc/gAt,

Wy =1 — (1 + Bs)ws 2At, D, = AtAw,,
K . kquw,,/QAt _ kuqut
e 2 4
W,V :a,c,s (10.17)

THd, TIT. B ld ANKEHROWEETD 5,
o2 L. S B 2FEBETH 5, itoT ARES
ERegE 1 oORREE LSS (/2 E—F) O
FEEE Brp L3RR D, THBII,



o
IBS N Qext
Brsa = B - %:t (10.18)

DEIRIZD 2 [30]c Z 2T Qext, Qror ETNZFHA
TEE RO Q fH. ARES 21F (/2 €— K) O
B QME (Qo ITHY) TH S, ARES ZERDLGA.
Qtot/Qs ~0.7TTH 2, ¥I2l—2aryTld Zh
WHE- T B ZRET %, Bl 21X optimum coupling
X THA Y EIT Bopt =5 = Prjp BDT, ¥ 2
L—2aryDRIX—R% B, =5/0.7 T %,

KX (10.16a) @, A ZEFICBIT 3 ¥ — L DNEET
(W) & ARES ZERD%HE,

Thzxzohb, 22T, (R/Q)a . A Z2iH
HED'R/Q"TH %, Ray/Qo & ARES % 4
HEDOR/QTH %, /. XXX S5
Uiot /JUa = 10 TH 2 (X (9.13) 2, 2D &>
e R (10.8) ARk, V. THLT 2 L5V, 25
Z %o

ZLTHRIZERZE S, VP ZAArF - Fry T
WIB L TR T v PN LXET (Fy vy O
ZHRVP=02LT) EROBEESIaL— b
T3,

Z ZTHEIIZ, K (10.16a)(10.16b)(10.16¢) Z % &
DT, —2IFdL.
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an
VaT;+1
Vet
Zans
c)
Vsrﬁ-l
Ve
[ Ws —D, 0 K. 0 0 7
Da Wa *Kaa O 0 O
0 Ko We. =D 0 Ky
— K 0 D. W. =K 0
0 0 0 K Ws =Dy
L0 0 -Ks 0 Ds W]
Vaz, —B‘Vb;;,
“;afz _B.Vb]
<yl o (10.20)
cj
Vil | EeVE

LELSZEDTE S, Tz HWT ARES ZEHOJE
HreRHERTY I 2L -9 5,

P kostaRiE, 2 viatldhizdozoT, &
HEMFICBERLIDBETDH 5, Lz X512,
detunig &% RF JE#E GHRBEERED e T+
TNECRBEDRD B (Afrjs K frjo ~ frt)o Ty
F—=&1D QME (Qior) 1EHHIEERZTVRED D

%, —J. FEBD C ZEHD QEIX 100 BETH 3
M, T et ZEy FRE (B Z1E 10000) 123 5

L FHEPRREREDR TV (AtIZd k3), 5
F. EREDEMETATIE, 0E— R, nE— K’ C
A THEINS (B—E— NIZ/KR3) e TatEy
BRI D, 7272, ZDORESINEETD 0 E— K,
7T E— KA BGT O%RE LTHETZ LIRS,

7o, EHBOMERE ky, ks ZREL T2 LETHE
MAEER D, THUX At (R7 v FHEEER) 12
FL. At Z /NS TR EEICKRD (2720,
X DETRREAHREICKR Z), 2. BB ZHE
#3321 X—0HE (BHEE) 2BRLTHwE L
Bbid, BERE V, &, E— FOOEBIREMD L
TRIEE RS L, ERMEOMEEEICHET 5, ARES
2D 3 DDE— FIZB L THoaBEsuE.



T 1/2
We = Wr/2 <1 + 3”2+Scos¢>

(10.21)

rERED 30 2T ¢ IEFE—FMME (¢ =
0,m/2,m) &R, e TOHA, wrjo = wie T
Hb, ZhEb /2 - FORHEE V, 13,

o dwg _ wrja/kZ+KS
g = ——0 _ 2V e T s
Ao |y—r 2 4
(10.22)
eEeofnd, ZATHLT,
vg At > 1 (10.23)

DA FIREPPALEICR D L5 T %, ENHID
OREBRANCED KFETH 20, THED. Ky, ks IR
TVWGER. At 2N TBREDRDH DL F R D,

107 S 68 4 50 =1 = Iy 2 W = S T [ B A S 1 o B
BEDYIaLb—YaYHiEThHb, EEOY VT
BELDERBPDD, ZOERE LTE —LMHD
DR E B, 7272 L. TRTOZERDEUEE ©
F D EUHHEBET, ©— 2 DIHEAMAE (¢g) DFET
THZ2 TR 1 BETOFETREY, L2l HER
FEREZER ¢ ARES 250 2 O 2R (225
HEEREME) BHDDT, ZNZHUTOVWTEIEL, &
JREEDREDD B, HIREZII L L2 2 O
T, X (10.5) ZHHL T IaL— 195,

10.3 FB #l#IIL—F & Fa—F—§I1H

FEIRDOHILZEICE DY 2 201, ERDIEEIC
MA 2774 R v Rz &2l FB fil#Lr — 7
DIMES ANDRENH 5, £7-. optimum tuning
D7z, F2—F— (detunig) HlHDHETH 3,
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ARES cavity
v,

LLRF Control Ve V.,

+
Pl Cont. KIystron H Delay| A €V,
Vier -
Loop Delay: total ~2us
Delay
10.1  ARES ZEMicB1r % FB #lffle F 2 —

F—filo 7Ty »

10.112. ARES ZHHD5E DWW T, FB fil{#
N—=TeFa—F—lHlERT 7uy /KERT,
XH o PI Cont™ 1L (P) ilfEl & &5y (D) #liE%
G/ FBHllZRT, A ZHOELE% Ref HE
(Vier) EHERL, Z0ES (=T —) % PLHIETH
EF 3, PlAlzERIcT 3 L,

PI-control out =

n
Pgain ( ref

o

— V) A Tgain Y (Vi F = V2 F)
k=0
(10.24)

ERE D, Paain, Lain EZNZNP HH, I HIFEO
FATH D, THIENIEE T X TOETITR 2 D5,
EBIIZHEMIC accumulate THUTRWSEIFTH %,
CHUTEBDO T Y 2L FB #lll 27 4 TdH1Tk -
TW3EIRTH %,

—HNC P N Ref BUEICH LT 1/ Paain DT
7 =3RS, THIEIRED TS — 2T 32D
T, PHIEICHs 7 -3 THIETHIEE N,

K 10.1 O"IIRMEN — T e RhD 2 79 XL
LPF Z/RLTW5, FEAMNICZERE S LPF 0%
HE2LTED, T TL—FHEEHIBELZL T
b FB BRI LZETH S [78), 7272, KESIRF
OB RET L -omIHEHIR L CEiES 25
BB 5,

SuperKEKB 7Y %)L RF #lfillix, RFE5% 1
oy (52K & Q oy (BER) DB 2 iz mty
7=l 217725 T [74]. HIEiTRLES I 2L —

va vy iR (FEHE BRI EDR) . o7



¥ &)L RF #ilflZ2 583 2 DICHER RV, ¥ a2
L—2a ryCHEEERUFHAENX L (10.24) %[
CFB7ZA Y252 TAETIZZ LIRS, TIUX
v RF il#l (I/Q mor D) 1oV T DFFIE
BR [79-81] 2B LUTHL E R\,

FBHIfEIOS I 2L —bTld. LV —TBE T, &
BTS20 ERD D, THFHMICT &2 7 b
BAUTR WD, Ty/At DD X E Y FERDBDETTR
%,

IH5LT.¥IalL—3rTd Vo CEEMI)
—EIZHE B EHITLT, Vi, EMHEMNINC ¢ DOIHEZE
Mo XHITT 3,

COFBHIEIDOS I 2L — R IBWT, 754X
FeVRMEDEERICAND, TSR, 5B 8.6 Hi
THRREESIZ, FIORNL - T4 NR—%HHTIHE
T, 774 R b OREBEERE (REBEE) 26
HEWHOZ X Z KD 5,

X 102127 94 2 v VpEEE ol ER %2 xR

Amplitude [dB]

1 0 K {opk n Apfeﬂ“emy [Hz)
E; 1.'i'.'\k\K
® -10 \
O ‘ \K
ﬁﬂ 1 —sT,
/: -20’ Hklv(s): 5 .ee ] ||
) 1+s/ahb+s /o, \
-30
P 1 Ok 1 00k 1 MFreCIuency [HZ]
180T T TTTTHe T T TTTTHox | 4

ow/27=130kHz  a;=2.1x1012 \

T+~650ns

#%"ﬂh{

©
o

P ad

Qa .

LERAEZEAE [deg.]
o

90 \\'
-180
1K 10k 100k 1M
ZRERE [Hz] (logRT—)L)
K102 27542 uYyOLRHEECHNT LEE

Bt (RZBEE0. LARIERE, T ORIARRHE,

72

T, K, Z2HEES (AR - MHZEL) ok
T2527 748 YOInERE ERERE | &
BED Zmd. bLoRERE (Htdo B071% dB =
BHFA 2D log 27 —), FHRMNHEENTH 3,
CO@EY, ZS5A4ZR YD T7 5y bREEIIEIZ
100kHz T® %,

CDF—R%E 749 bLTZI74 R arDIniE
BEOEOLN S, Hl2E, ZORTIE. O EPHE
F—XT, 22> TVWEDT, 754 A b0
> DIRERE Hyay(s) & LT,

e*S'Td

H, =
kly(s) 1+ S/Wkly + 82/ak

(10.25)

DIEEREL T, 74 v b LEMREEBETRLT
W3, ZHED way/27 ~ 130Hz, ay ~ 2.1 x 102
THd, THIHNLT, 806 HTHMLI K 51T,
s T & 2 BRI D 24 2 1772 Z AT D & 2 2
L—ya VEtR (k) »Eoh s, bRAI,
e~ sTa \BIE & £ T IRERR T, 2 BEIRTIZ 2~ Ta/A
THEDT, Ty/At I T7—&%2> 7 PSENIR
W,

ZOMDOREIRICEAL TIE. 794 A b r izt
THaIRWHEEE (72 v MR 2F-oTwa 7%
B, ZIUIEERBT 2T KL, V— T BIED—E
ERBIEIFTH %,

iz, BUOX 10.1 IR »> T, F a2 —F—Hlflico
WTCEEBHT %,

ARES Z&{ Tl S ZE e, A Z=iicF 2 —F—»
Hb., zhetiichiEEnsg, C 2T 2 —
F—H7% < RF B (we = wy) TEEXINTW
5 (QEIERNDOTHAEIIMHATE ), S HEFAD
F 2 —F =ik, AJ1RF & S 2D pickup 1§
SOMHEETHIRERICEDE S, 25 LTS 2D
HIRFE PRI H 2 RF BEEICEbESLND, — .
A ZBRDF 2 —F —HilEx, C Z=H D pickup 5%
. A ZERD pickup EBDMHEZETHIRE®HE 2
(¥ 10.1 Z28), (t> T — L EMIZ X S detuning



(optimum tuning) (& A Z&{{®D detuning & 72 %, 7
72U, ARES 2k (/2 €— F) O detuning &%\
(9.12) 12t > C A 22D 1/10 BEEICK 5.,

AKyIal—yaliZBWTik, SZEHEy C2EH
DOIARFFEUE RF ABEICEE L (Aws = Aw,
0. AZRDY —2A8MICHT 25 F 2 —F — il
(optimum tuning) 2T 5, 2F b, C ZHi{L
A ZBROMARZEDS—EICR D XD Aw, ®E R %,
FERDOF 2 —F =BV F - Fr v TOEICILE
TEZIFCHELSEFSDITERVDT, ZhrEE
LTRIbZ 7B T5, H2WVIEHEBEOEILTD
TRoTWVB XS NEEN—ERZBI VGG
BRI L 720V, 295 LT R E — oA B RmITn
3 5F 2 —F—Hilfill GAEH D optimum tuning) & 72
%o

TZTIE 1 ADZER%E FB il 3 262 xR L 7%
.7 I7A4A bRy 1ABT22E0E (L) ZEKEF
2EEbH5, ZOXIRGETH. LIl AEE
BRHHRLTYIaL—+TE 2, @H. 2H6N
FoZERE 122D FBA—7 (12754 ZAbnYy)
T FB #l#l 5 2 5E51%. 822D pickup 5% &
i (vector sum) L7-{ET FB #f#l (PI#I#) ¥ 3,
iE-T. X (10.24) D V, % vector sum L7{HIZT
TRV, £7z, ZEREE Vi Z2&82EMCEZX 5, £
DR, 24H Z L ITHRIED LR 2222 7= D | fiHIz 2 E
EOFRBEVERBICSI AL - NTES, E—A
DIEGFICEED D 2 55D FRKTDH %,

10.4 BGT BRDEZEr WHENE

ZZT, ERTEBHLEY I 2L —Ya vy AR
W& b BGT #hR 25l L =Bl Z #8135 2 [82],
SuperKEKB O 74 4 Y ERIZE T 25 BEER TR
To tHESEMFE LT RE BT % E2#ER T X —
ZERI10.1ITRT, NVF - £y v SR 2% TH
%, ARES Z&ficBIL Tix, £ 9.1 3RO Z &,

ZZT—OFRLTEL, 9.1 1xhsiEh, =
PO BRI frev = fer/h 1% 99.4kHz 2 DT, C
DREAMIE Tioy = 1/ frov ~ 10.06ps TH %, ZHIC
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Paramter LER HER
Beam energy [GeV] 4.0 7.0
Beam current [A] (Ip) 3.6 2.6
Bunch gap length [%]

Bunch length [mm]

RF freq. [MHz] (fir) 508.876
Harmonic number (k) 5120
Revolution freq. [kHz] (frev) 99.4

Cavity type ARES SCC/ARES
R /Qo [ 15 93
Loaded Q [10%] (QL) 2.4 7.0/2.0
Coupling factor (3) 4.3 -/5
Number of cavities 22 8/8
Total RF Volt. [MV] 10~11  15~16
RF volt./cav. [MV] (V) 0.5 1.5/0.5
Wall loss/cav. [kW] (P.) 150 -/150
Beam power/cav. [kW] 460 400/600
Cav. detuning [kHz] (Af) -28 44/18
Number of kly. 18 8/8
Kly. power/cav. kW] ~600  ~450/~800

% 10.1 RF ICB¥ 2#fiz 85 X —&

MU, DBETRIMHRK, HHOLDI, BroY
Trey = 101 (froy =100kHz) ¥ LTI 2l — 3
VLD TH B,

10.41 BGT®RDIIal—Ia iR

SuperKEKB @ 7% 4 >~ EIRDEHRSAFICOWT,
BCGTHEZEZS I 2L — P LEFEREZENLTVL,

%73, LER OflZ/R¥, LER 133 XT ARES 2¢
T, RZEFEMBFE CEATHIZSNTE2HD LT %,

X103 X104 BGT DY I 2L — a Ui
Rend, thZIRREZR L MHEERAZRL TV
%, NIRRT, 1 o0 EE (T, = 10ps)
FETAYy FLTW5S, Hllit =002 ZADNY
F ML VDRI H 2%, Floo NUF +Fr v
T 2% DT, NUF - b LA R 200ns fE (hEi
t=9.8~10) BNV F « Fy v FITHYT 2, LI
HFEILTH %,

NRZRICOWTIE, IRIBZL (AV/V) OFED
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2 0 =745°
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0.495 i ‘ ‘
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Time [ps]
10.3 LER ® ARES Z&iicBir % BGT IZ &
BIRIEZ
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& 00
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~
»
5 -2.0
<
-4.0
= A-Cav Phase (eff) [deg.] ‘
T
-6.0
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Time [ps]

10.4 LER ® ARES Z#i23517 % BGT 12 &
% N AHZE

B, RO XS5 ITEMPIZAAEENL (Adeg) LT
Wa,

AV 1

A = A —_—
Pett o+ V'  tan ¢y

(10.26)

BRAZ, FHD o V& ¢ DL TH 2, Mk
TOMAMHZ 0 Y L, E— 272 dace DO THIH X
NTW2E LTV,

X%z RToan»s@Eh, IRE. MHE BTN F - F
Y DL IATREREIDLD 5, ZHlE ARES
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