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Design on High Quality Factor and High Shunt Impedance
Waveguide-type RF Cavity for 2 GeV FFAG Proton Accelerator

PEI Shilun, YIN Zhiguo” , ZHANG Tianjue, YANG Guang
(Research and Design Center for Cyclotron, China Institute of Atomic Energy, Beijing 102413, China)

Abstract: High-energy and high-intensity proton accelerators were widely applied in the
fields of the nuclear industry, civil applications and fundamental researches. In this sce-
nario, a 2 GeV continuous wave (CW) fixed field alternating gradient (FFAG) proton
accelerator was proposed by the China Institute of Atomic Energy. Development of the
44. 4 MHz high power waveguide-type RF cavity with high quality factor and high shunt
impedance is extremely important. The simulation study results on four geometries of
waveguide-type RF cavities, which were rectangular, omega, racetrack and boat ones
were presented. It is found that the boat shape cavity has the highest quality factor and
the highest shunt impedance, and is the most promising candidate for the 2 GeV CW

FFAG proton accelerator. In order to obtain the fabrication technology of the boat shape
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cavity, and conduct high power RF conditioning study in the future by using the existing

power source for the 230 MeV superconducting cyclotron, a 71.26 MHz scaled-down

cavity prototype was designed.

Key words: high-energy and high-intensity proton accelerator; fixed field alternating

gradient accelerator; waveguide-type RF cavity; quality factor; shunt impedance

H 1958 4F LIk . v [ 5~ RERL A W 58 B 1<
WO T RE SR AL (] e i A Y BT g .
BT — RGBS A e s ARk B
& 15 RE SR BT I A TR A ol L R DA R
Tl T 5 AU 107 P Bk B 3z o [ i T RE R
EHGEBE R — B 2 GeV.6 MW 2k
P SRR 5 U [ n g 2H 5 o T 52 K
Hifd #5100 MeV B i1 43 25 B [0 J5E i 3 4%
800 MeVHETE /3 25 it [0l Jig i i 4 LA Je 2 GeV
&L (continuous wave, CW) [#H 58 3 38 25 Bf
B (fixed field alternating gradient, FFAG) Il
WA A 1 &3 60 8 0w s 8 TAETE
44, 4 MHz, f5c 2 0] 52 B0 3 4 20 4 U 7 i 40
R I 28R R - 4 5T T RO B
. 100 MeV [l B i 45 FHAE TE A& - 2
Ja BT R 2 5t 800 MeV o [a] i Jin i %% A
2 GeV CW FFAG Jill 8 £ (1) 3 9 0 3, e 4 )
WMIMEA K E 6 MW, K IT 2 GeV CW
FEAG gt i, 455 1 1] e fin ok % 5 - 22 3
SH FITIR] A6 i 8 e A 1 AR R T AE LT
Hh A Y Jz S B0aE Dy e oy B X 28 BRORE T BB
PRERZE R R AR PR 8 Sk 2 GeV L 7EH
B b ARG BT 2 TR OB B T A I A
1 GeVHJREE IR .

573 8 A I PR A e v SRR | XA R
i@ ST B [ ARG o B 445 5| R A ) 2 e S
() DU SRR A o 3 AT A B KA S | e e R v el T AR S
Hr B G| R E b R AR A% AT 3 e |
ROR IR S . e AR S| AR T
RETRSF S HC— @ MO0 T - 51 Hh DX o I el
[F1) P BG T SR 3 1 B B R 2 . 7 ] e C
SR PE A b s Bl ) B gk SR A )
058 » R 1) 4 ) R A 500 5 S ) O 54 1B O B
T P A R A5 A 3 RO B 1 s [
A RN 5 RS AR U 58 B (EAIRAR 22 o Ak, A 1w 5 (1]
H i 3 FF - BOR T BE O K B S R fd
IR S (AN B DN Y & 3

B AELR G 5 A Bl R B 00T B2 i B |
HHY SROIAL P S 3SR | R A3 L SR i s A
R Y i vy i i FRL SRR R e DASRATHE g 1

100 MeV' [a] i fin 32 g 1) ey A5 Fs o % 1] ()
42 PR RS ) o i S S e e I s SR GR
) 500 KV, 2 Bl S Y B 5 40 e © AE P E R T
RERHFWFFE BE 100 MeV 3 3t [ i i 3 &5 v s 2
TR EIE AT, 800 MeV [l i fin 1 g5 iff 1
SR FH U8 5 8 g B J v ) ORI s 0 s e s o
BRI BSRIAF] 1 MV, 3% s A 45 [7) b 46 750 e
A1 5T R B30 Q 0 43 6 BELBT B i, 0 2 7R i
A 2 R B9 BT (PSD 19590 MeV 4385 F [1] i
TN S Ry IR R B AT

2 GeV CW FFAG il v #5 2 49 B 5 s I 1o
T HL R R K #] 2 MIVEY Sl T AR R A b
F14) 1R A0 ) 23 R A5 A0 0 v %) o e H R SRR A
AT Q R4y B BHAT » S A 16 50 T BROK A
TEHEC AR R 2R B SR E A E S ke
SR A ISl SO A N N T 20 | B 5 37 S A
2 GeV CW FFAG i #% 75 12 1] 2l 728 % (144
I35 2 m 224y, 3 [A) I B2 R 5 A0 B B E 40 ik K
R BB P O R R A e W sk HL b . 7E
B AT ) R RS E 38 4T 28 50 T i 48 1 Ol
T.2 GeV CW FFAG fin##8 4h m i d2 i 1
25 7 T R 2T ST T S B AR 5

T UL, A SCEXT 2 GeV CW FFAG 1%
PSR4 TAETE 44. 4 MHz 46T RICRANTE |
P TP TR IE S5 A4 Bh S 1 e 5 A0 v 0 s R A 7
BT OFFT o DAFR B A A 1 o A s s T[] sf
BT I 24 H RIRE i T 10 4 B A1) v 43 s A AL

1 ESEEMEER

8 9 3 2R e A A R 1 R A (B A
T W B A A R R 3 00 A FVRE I 2 RO
EZM . BT 2 GeV FFAG Jin 4 o i il
FH A e 90 10 D R 0 R L A A 8 R



Hsl ELACAF T 2 GeV IR S5 58 B B Wi A 9 15 ik R DR K8 B LT 48 3 2 R A Y T 1521

R AU

LR T IR 3 70 v 0 I 1 s T 1AL
e B g 430 op i R SCRT 20 O TE,,, BN
TM,,,, 88 2 Flsm . n S p 50 BIR N @y B = T7
CIN BN /277 E PN R S TNUNE B
R E R . TE,, B8 TM,,,
8 T PR TR T 7R A

. 1 my’ 2 2
fmu/):ﬁ (;) +(§) +<§>

(D
y
3
-~
o X
od a
z
Bl 1 A S A 0 e s R
Fig.1 Schematic of rectangular
waveguide-type RF cavity
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Fig. 2 Field distribution of TM,;;, mode

in rectangular waveguide-type RF cavity
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Fig. 4 Relationship between transit time factor and

acceleration gap length
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Fig. 5

4 geometries of waveguide-type RF cavity
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Table 1 Performance parameter for 4 geometries of waveguide-type RF cavity
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Fig. 6 Relationship between shunt impedance and

radial position in beam pipe

04

Fig. 7 Electric and magnetic field distributions in radial symmetry plane for boat RF cavity
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Table 2 Performance parameter for scaled-down

boat shape RF cavity prototype
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