Bunch gap [Z&%
EEMEEZIEDFEIE

=

SIR/ILEF—INEIFFEEE (KEK)
MBEREER AT RPEE

2007/02/21 E11EERLE—LSZ A FIVHAWGE—T 445




RIEIDFEED

AFANANFEZHTH=2ODNFXryTZEALZES .. ASIRZER
THBEMLEEEIENET 5,
#2L)R L2 MHz., 10% D/\>F Xy T T, ZREE 5 MV/(ZERSE)

B A\ .
DiZEDH: (n, = 650, n, = 65)

Transient voltage (V_=5 MV/injector, | =100 mA)

5-05 ! | ! | ! | ! | ! | ! |
0
L 10% gap G |
., 9.04F n =65
Bunch train (n, = 585) g| -
5.03¢ ‘ |

5.02

Y

SOLF AV v = 0.4%

Total cavity voltage V_(MV)

5.00 , I , I , I , I , I , I
0O 100 200 300 400 500 600
Index of rf bucket n




EEREEERIEZTHIETESHON?

o T4—FRI+T—FIZKDHEEEZD,
o WMBIZVIAANAUIINT—N LT 7 ERRETFE,
o IREMIG/INTA—FZTHEEMN?

Master —
oscillator | Other RF stations

LER phase

m T T s E-_thRFSt!tiOn |'""--"'________"'_"'___"l
| -
@ . Station pl PLL and AGC

for klystron Klystron

' Combiner

S Tuning Control Loop !
I v |
)

Zero-mode /L 1 \
$ det.
A,

I

I

I

:

I

damper :
1

I

1

] — I/ \mery |

— ! Performance Electron Storage

:

1

I

I

1

1

I

|

1

KEKB [CDUWWTHETLT-E
(COIZE. M- 1R1E) .

K. Akai, in Physics and
Engineering of High-

Beam monitor

1
]
I
I
]
I
1
Collision Point | |
feedback I ) . .
: ¢ de) / oo e — \_/ cavity Rings, World Scientific, 2002, p.
Collision Point i W_ m M | — 148 KY5|H
monitor : Direct RF Feedback _ °
I A
E e Amplitude Control for Ve QJ pick up (V)
feexforward .
j : |“° e
: ___ Phase Lock Loop for Ve
HER phase e e e e e o o e e e e e e e 2 )

Figure 23. Feedback control loops for KEKB RF system. 3




Z RO FMEREFER

Cavity
22 17 0D 5 it [ % - \
P o =W _aC
RV/Ee " B G, QQ BG, ——C H G L QD
=2
Gc = 2 Q QO :1 Ig
Rsh ) 1+IB ’ 8 ,BGC )
I,- generator current
— g
tany =-Q, [ﬁ—&] ~-2Q8, (6="22) i,: beam current
w, @,
d?V dv di SR
ZRANEEDAER dt2 + Z/IE—F a)gv = 2koa I = Ig 1
i: W, :wORShZZKO kE&& 151: W,
C GQ 2Q " 4Q T, 20,

(iy iy |2 &> THESNDBEEZNENV,, V, £F5) .



T
S
&t
opf

FSATDERDEIZK T HERE

EDHERXDMRELTRDOMERE 0;\/ 2/1(;_\t/+wzv 2k%
V() =V (t)e™ i(t)=1(t)e"

[

I d -
V(O),1(1) &, BR# o ITEEARTHRHKYEILTEHERTE, T, 1<, d—|t<<0)°l

i (t)_dV(t)+ A itanp V()| EEREORS~EHE)

v (t)

K I (t) = + AV (1) (tuning angle: w = 0 MiHFE)
NoFXvyTZBALIGE ., BREEZ—EICRDE-OICHE
7% generator voltage V,: \7 =V, V
l V, (t)
WAEE7F genrator currrent : (t) 4 ,1\7 (t)
dt

ex sh

5
"6 0 L,

WL genrator power: P.(t)=

@




AGtaRZE

W DR/ NZA—Z (FiEIEFRC)

RE: (2tJLZE ,l_J)XSns:.:ﬂétURh/Q 200 Q (F

%:P.=V2R,),

E—LEHR I,= 100 mA, EFHIIEREE 5~ 10 MV, On crest IliE (¢ = 0) ,
BEt5MV | &&F 10 MV
Cavity voltage/cavity: V. 1 MV 2 MV
Accelerating phase: ¢ = Cos*(V,/V,) O radian O radian
Beam power/cavity : P, =1,V_cos¢ 100 kW 200 kW
Optimum external-Q: (Quo),, = Q .V 5x104 1x10°
" B (Ry/Q)R

Cavity external-Q: Q. = (Qext)opt = (Qext)opt
Cavity filling time: T;= 2Q, /o, 12 us 24 us
Cavity tuning angle (= optimum tuning): vy 0 0
Beam induced voltage at resonance: V,, 1MV 2 MV
Generator voltage at resonance: Vi 2 MV 4 MV
Generator power per cavity : P, 100 kW 200 kW

CE)ZER1E5Y




il

SEEMIEICRRITV,, i

B[E V. =5MV, E—LER 100 mA, Gap: n, = 650, n, = 65 Z{RE.
(ZR1EH7Y)

Compensation of transient voltage
required generator voltage & current (per one cavity)

i (A) V. (MV) V_ (MV)

2.01
| required generator voltage
2.00 =
1.99 : : : .
- beam induced voltage -
- required generator current
0.5¢ )
0.0°¢ :

| | | | -7




ERECBDEL P, BEURE/ ST —

Ul

. =5 MV, E—LTER 100 mA. Gap: n, = 650, n, = 65 Z{RE.
(ER1EHRY)

Required power for transient-voltage compensation \QCZZGéOMrY i%agl a4

100t peampower T e ';

50 (steady state) :

T — —————— ——— :

- Generator power el ]

50 £ (steady state) ]

' Reflected power ]

O :
0t : : : 5




Generator current i DANIRIL

Abs[DFTIi ] (dB)

:—Zlgl(r T)exp( Znnr] (n=0,..,n,-1)

pfO p

() DT—U TS GE ) DMERHE ¢ E7 LA LBETRER

DFT of ig1(t). Absolute value 0 DFT of igl(t). Absolute value
O T T T T T 1 " T [rrrrrrrTrrr 1T 1T T
_ \—Abs[DTF[lgl]] (dB)\ Lt | —+— Abs[DTF[ig1]] (dB) |
20 i -20 | \ _
| I _
40+ = -40 | . |
=, I \.\- TN e
.60} =" -60 | \/ \ VAN S .
— _ /
ol é 80| / \/ \ 1
Iz _
100 - < -100 | i
'120 : * * * * : * * * * ' : : : '120 A B SRR S SRR R
0 500 1000 0 20 40 60 80 100
f (MHz) f (MHz)

JE iR #hEnBEH 0 - 1.3 GHz B0 ESE 0 - 100 MHz 9




S80I

=r
=

Generator D& HIED =

\\\

1, (A)

J—)IRMAZESE n, ThybAILZ5E:

np/2

) a Ne _
: a _ %
lg(t)=—2O + Y (a,cosat+b singt) — 1y approx (1) 5t > (a,cosw,t+b,sina,t)
=1

n=1

Effect of BW on the cavity voltage

Effect of BW on the generator current 104 ———m——————————————
0 . 5 ) T ) T ) T ) T T T T T - Without compensation L
- - i : __1.003} —owami :
W mr—— S | i
S 1.002 -
0.3 2 \ )
. Without compensation /, % 1.001 ) I G V ]
——— BW 2MHz O I !
0.2r —— BW4 MHz A - 1.000 + T
I ——— BW6 MHz ] > I
——— BW 10 MH
0.1F ——— BW100 Mliz | 0.999 |
I —— BW 650 MHz -
0.0 0.998

0 100 200 300 400 500 600 0 100 200 300 400 500 600
Bucket number Bucket number

Generator current: ij(t) (ZER1E&H71=Y) Cavity voltage: V(t)/cavity 10




FED:

il

= [ IED =02 E7igeneratorD 4 EE

e 650 N YRBEIZ65 N YbDX YV TEEAL-EE
[ZDWWTHE, E—LTEHR: 100 mA (85.4 pC/bunch),

o TRY-YDAN/INT—: 100 kW (FyT4L) > 112
kW 12E

o FEREFEEBIXLWNEERA., 4 - 10 MHz 32E TH],

e RFEBEANDEXIIDLENSH, WEMLG/INTA—FTERL
fHIEIX B[ EET=AD,

11




R INT—I—ADA T3y

—{RIZ. KENITARMOUIXL., [GHBIEAE LN EBEDHNDS),

RWNFBOKRENISAAMO ., LHEBOBRENRFREEZHEASHE
HZEBA[RET=AD,

0 ‘ SEXt R/ ST — & R AR D ST
A REE/NT—)— R DR
20 kW source 0 E \/E 0
(wide band) 5 5
Asymmetric power combiner
4| F / 1 0 0
2 5

()

o O

S =
D 4 > Port 1 g— To cavity 4
5

0 0o -
o 2 —\ﬁ 0
5 5
100 kW source

(narrow band)

Y

SITHIMF N D=2 175 — Al MR K RFCEIEAIEE




\¢l1

BFRIEZRFDHI(1:2 /\T—5r Bz

1592 [EEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL, 48, NO. 4, AUGUST 2001

Development of an Asymmetric Power Divider for a
High-Power RF Distribution System

Takeshi Takahashi, Shogo Sakanaka, and Masaaki Izawa

Abstract—We have developed a radio-freq ¥ (RF) power di-
vider that is used for an RF distribution system in high-energy elec- 1MW
tron storage rings. This power divider has four waveguide ports, Klystron

and it can split a high RF power by a ratio of 1:2 at an operating
frequency of about 508.6 MHz. Since other properties are very sim- Circulator
ilar to those of a magic-T, it is very suitable for accelerator applica- o

tions, By combining this device with a conventional magic-T, one
can design an RF distribution system in which three cavities are

1 Magic-T
driven by a single klystron. The design procedure of the power di- \Ww_‘
vider, a low-power measurement, and a high-power test result are Magic-T Magic-T
presented in this paper. -RN*—' |
Index Terms—Electron storage ring, magic-T, power divider, RF I - 1 ! 1
system, S-parameter. [ ]l I ]
Cavity Cavity Cavity Cavity
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