¥ 314 51
2014 43 H

IO R - 7/

Nuclear Physics Review

Vol. 31, No. 1
Mar. , 2014

XEHS: 1007-4627(2014) 01-0037-06

C-ADS B 55418z Spoke021 BB #ZIT 5414

BEET, ME, KER, KB, BHER, BXLT, BER,
e, hEETT, EEHC, AT, KA¥

(1. hERPEERBRTAYETISIT, =M 730000;
2. PEBEERERY:, dERT 100049)

FE: b 2 C-ADS T B 2% 1 # 5 3 43 15 Spoke021 B9 F 5K, *f Spoke021 HEAT T 3 41ty B 2% 5 Bk
ft.o X Spoke021 8y & F KA AT SR AR, 4 EERN KBRS ET R TR FEENRE, #4
AT BET RO R FENSHK E T HIEE L, 7 Spoke02] &5 H ik Bl AR MR, KAIE
A AN R BB H N Ep/Face =3.14, By/Eace =4.77 mT/(MV/m), # &5 K K F4
(Multipacting, MP) % Spoke021 147 # Fr e ik 2| Wy MG f9Ar AR EZ 2, R BIMPHEAT 7 #
B, 5BKW, % Spoke02] THEAE Foee =10 MV/m R T, %A K £ MP, £1613 2] 85 2 7 L
W Spoke021 TR EFE; HEHETHEAENTIF 4, EHAERAARTEWEREETE,
KR SRR CST-MWS; K % & F8,; C-ADS

hESZES: TNOLS XHEfFRERS: A

1 5

[l

AR I th T HAT S R DLW R A
TR SR T, O KINE CW 1 2 i #s h ig
Bty Bk s AL —, B [ P A 55K SE G A AT
TR, L E Pk LI E A 5 =0.21 1
LN PR 5 s 2 UL P W0k P e X o 3k e 52
L1422 MV /m, FF ik QIR s R s 70 31 17 Ar %5
1) Project X 12, vE[H IPN Orsay S35 i1
H B =0.35 KX A B S Ae 4 I AE 4 KR N )
S RN R B Uik 12.2 MV/mbPBl. [ YA R S ML
UL RS B T, Hp ERL A B i e A BT
YT AT T R T O SRR I i s,
Bl B AR BT T 2010 4E K S 5 T o [ Bl 2
W 301K C-ADS i 1 5 3 0 6] ot B8 3 8 4 I
MIRFFE. il A2 C-ADS Tl H @& & Xt 8 = 0.21 8 $4¢
B IE (Spoke021, W 1 FiR) Mdkl™, Ao Hik
TTVEAN 00 Fa g B R AR T 9T %8 SRR I S A &
Hoh: Wi 325 MHz; 4K )L B =0.21; #iflLiz

K EE: 2013-04-02; &R HER: 2013-04-28
BEL£WB: THERBFER T SR L I (XDA03020802)
fEE RN

DOI: 10.11804/NuclPhysRev.31.01.037

950 mm; FHe/MITEERE 8 MV /m. B 0K s 44 T LA
RS EL, ARG R —A L S 508 — e 1)
J7E%) Spoke021 AT HLRE 1T S 04K

1 Spoke021 JLfT

W EE(1986-), 5, WALAKIEN, WA, NHESERIT; E-mail: yangyuzhang@impcas.ac.cn.



-38. O S 3 7/ B R i 7o

31 %

2 R RN

SR N ST W S =N E W P (o N T 54
Ky (W8 MO HE ) 55 00 3 6 1 U A, O sk /s 71
i AR T AR X 30k AR IR L A% B9 (Multipactings
MP) B ML, DRk s A4 v il g 1) A0 AL B i A &5
o e vk BB A O, BT LR I A A i A JLART TR 1
77 A A i vl gk B0, A A B 3 5 AR
K H CST(Computer Simulation Technology) #k
1 th Microwave Studio(MWS) #5100, [ % 5 %
4328 Jj. H CST %} Spoke021 AE A5 ) 475 BL 1] 401,
Spoke021 JIE N AR A AL IX I i g X, N A
FEFB Ay i X o DRI DAy A A T TEEE% ASYIIBu
JE M EGAR,  SROAFLIX IR P B AR 7T Sy A 2 i v
B 1837 55 T B 1 B @%ﬁﬁﬁiﬁﬁj\?ﬁi@@, 2
PARBIEFR BTG, i ah R ARG, AT
TEIR A AR AL AR BEE B 2 B AL SRR W
JERET VLN SRR R e d, BN 2 oAb 2
1 dy, K EAKTE Leay 55 280K 2 S M 10 18 44
JLFTIEAR.

2.1 KNSk Spoke FEREAL

P T A Spoke # i DX I A A5 %l % b JE TRl
FX, ARG SEGEmE R, BTl ST
ORI FEEZE & By ) Eace, AR 41 73 Hr 50
I Ak JUAR] ROSE K Jis A PR 1 B TR 52, 44 By / Face
ERN—ANEENSH R, YRR LR LK
RO, %) Spoke #E WA FLAR X B 34T 0L, Jf HL
WRALARAL S W R T LA K Ae 4y
WA LT SR W, T AW, 0453 S N 4 5
SRR, WE 2, 3, 4R, HE2WHE S R
W AR A TR, SR WU AT LA R B s
Ep/Eace M By /Eace WHUE, I HSUE W 1 HUE X
By /Eacc M S . HE 2 T4 W 7E 95 mm i
By / Eace Whe/ME. 142 B4 AR AL 0 XI5 4 5
1k Spoke R -y 1k P 0 E Bz, I W ) E
2 B0 V- 250 43 (0 R DT /S s 4 1 3 i e
BT K Bp/ Eacee  {HAZI N W X} HL 37 £ e 2
[ ECAEAK, AT LAEE W 2k 95 mm,

AR RO A LAR A AN, T TSR s A T
fi e, AF IR MBSO A 0. 1 3 N Bk
S HEA 2K R, MWETAE By / Eace

b AR —ANRAME, T Ep/ Eace B A FIHUER
AR, KRR R AL B S X, A K
K BE AN BB S22 I 0 s AR L I 1) 4 AT IR Y
Spoke H R B K& 4 100 mm 15 245/ By / Eaceo

40 5.0
7
3 [ —a— BJE Z
o 36F s =
= 48 =
~ [ E
34+ - =
/ {47 &
32p Tt <A
— {46 &

30 L 1 L 1 1 1 1

95 100 105 110 115 120 125
W/mm

K2 SRULALAR T8 W ORI A e A RE (i

4.0
453
38+ —s—E[E_ Js2 T
36| ——B/E 151 &
5 ] >
w34} 150 2
i 3] et T ——— 149 &
"~ 448 =
30 ] =
147 &
28+ JJapg ‘i‘:‘?
26 "' 145
L " 1 L 1 L 1

70 80 90 IOO IIO 120 130
A/mm
K 3 WAL T A XTI AR s i Re () 52 i

37

36 —s—EJE, /
- 5.0
%357 BfE //
S o3ap R / ‘
Sl = ‘74‘3
3.2; —4.7

32 34 36 38 40 42 44 46
T'/mm

f-"

p

(B/E_)/ [mT-(MV/m)~']

S
(=)}

B 4 SROALAR IR R T XTI s e RE (4 5

A AU ALAR JFBE T IR, — 5 T AT BAasi v
WX RGeS 8] 53— Jr I REAE T (3 n, A
AR SR T M TR L T S O AR AR R, AT P 4
TR X A RE 25 1) VA5 R 4 P,
Ey/Eacc: Byp/FEace AU FLALF K T HBUAE 988 iy



%1

MEEL: C-ADS B S Spoke021 HI BRI 514k -39.

SRR, P DAY e RSN IR T B, H A 4% S8 ik
AT, (1) AT E A R g (8] Bt g 3 39, AT
Jes PR IFEE R TR] R 7 (T'TF) IREEAR /N, i AR 1 ik
RARBEAS, TR T = 33 mm.

WA 5 RSP SRR AL Ry g X, Ak
M R 3, T FARZ AR 5B, N/ AR (1)
R L R B SRR, Ry
SATEIA], ITAE R T8N Bp/ Bacee K15 7R T
WA BT S5 e I 5 AT 4, BT R
SR SIS SRl DT | WS RN TR AV NI AN IR EY
T AL IR A B, BB T Bp/ Eacer I H AR
TR EE, DA T IR R/ Q. 45 1%
J&, W/ By ) Eace IR AR R/Q, ¥ dik
4 70 mm.

40
f ~—gr, @0
36F e BIE | E
| S E, 56 =
W 32F R =3
T AR WP 55 E
sl
28} e =
I \ 48 3
24} =
; ~— =
—  d44 =
20 1 L 1 1 " 1
200F = )
N N
9 ks
g ™ \
= 185k
S ~
= 180} \.
175 \
170 | ~
1 1 1 1
50 60 70 80 90
d/mm

B 5 S AL G d 0TI R ST R R
2.2 BEHEmEHRL

Spoke Jiis TN 2 5ty i 4 i 2 420 % $E v s A 1) 5 AT
Phfe A R E BRI, xR N SR 2R i
L 0 s A P 37 i 2 T, AR AR, T 19 T o 2
B, AR T FEAK By / Bace,  HJ2 5 HLZ i BE ¥ 52
WHIAR I e DAk dy XA U S5, 43 BIAH N
(1 AR B 6 TTR.

HE 6 Frs, bt di SRR T Ep / Bace
AR K, Bp/ Eace b s 8242 dy (6058 011 e, 15 1

I WIAE LT PEAE AT LA S I BB Y, dy N
ufs IR do Bl RS ke R [RIBOR, AT
AR AU A T P B 0 5 I, (EL N ol [R] I 486 T ) i
MERZ, BT AEAALIN SEHL 1 4 120 mm.

40 52
—s—E/E =

361 p! Tace /-/ 150 -
—s—B/E — £

7 L g

8 — 148

o 32} o TR N SV S
= e
&) 46 €
28+ &

i v {44 F
24 - -__J/f/ ;En
Lo laz =

2.0

1 1 Il 1 1
120 140 160 180 200 220
D; /mm

B 6 S AE dy 3 TR R

2.3 BEEKENMRL

JEEAR B A 32 B AR K WG ik e =S 1), ks
K EE Y5 Spoke021 4 B S L) A A X R W 18] 7
Pize BB 7T By Eaces R/Q Bl P 135 0
T E RGN, 110 By / Eace BV A3 i i #2189k
Ny SRS DR i AR SR AL R il i 2 TR, 3K
P BEAR Bp / Eace,  [AIFER 2 A8 HL SE INAE Hh (K)20 A
FEACALALINIE, P USSR 5 R B, 1955 vy

7 (a)
a 50 —
36 F -t EP/E:‘W // L
35t \ —r—lie I 48 E
8 ' \\. /‘ z
@ 34f N 46 S
S A =
£
33f /‘/‘\ 14 &
— 5
321 /‘ g, a2 o
31+ ‘/‘ . o
140
220 1 il 1 1 1 b 1
-

210 | ./-/‘

G
S 200
J
190 |-
180

240 260 280 300 320 340 360
Lm/mm

7 AR T A o RE K 5 )



.40 - O S 3 7/ B R i 7o

31 %

) R/Qo  HG I A4 1) S A AN 25 386 o Jis 4 1) 4 s 9%
HI T H2 X R B G m) By g 27 7= A 5w 25 FE B
TR B LR SAS, P LR i A 1) S KR AT 250
mm 4k,

3 MP 4o

MP S I 1) W T e A B, R
X HEAT VEAN BT MP 75 5 g 2B A8 i L A/
IR, 4501 Py S 44 Spoke . S 7 5 I A i 432
Aibo SXF 3K P A IEAT B A AT DA AR T AN A
WL 2 A, T MP (0 2. 7EIX AN E
ARSI C-ADS TR 175 KFF Spoke021 1) TAF ik
BAEE B EAE 10 MV /m. 2K CST Particle Studio 4
fF TRK K fift 2% KA1 Spoke021 Jiis A BE 2 1H] (1) M P,
WEWIG RS BT, BRI REER N 2 eV, 15
B3 bor 7 IR 22 38 20 o3 Ao W 2 2B MP SR 55 w1 1)
W 344 Spoke FEHB. Uity a5 IS AT IE R AL AT T LA 4
Mro 4 Rl 8 firr.

10 - (a)
8
6 F
4}
2
T ol
X 1 I 1 1 1
™ 0 10 20 30 40
Mo12 (b)
;E_ L
10 -
8 -
6 L
4+
2 -
0 L
1 1 | " 1 1
0 10 20 30 40 50
Time/ns

K8 ImEEEEE A 10 MV/m T MP 54
(a) TNFEERSE N 10 MV /m R i 5 5 AT E AL MP B,
(b) JHIEREFE R 10 MV /m F N F 4k spoke FE# MP 54 .

K8 A%, £ 10 MV /m JiEARE T P 44 Spoke
FEA iy 5 5 A % e Ak R AR I R R e, 1Y
KRAEMP RN, R WIS S (1 8 0] BLAE 10

MV /m I Inagess BT T AR,

4 MULERRSH

8k PL A B A B J U RS an sk 1 41l
% 1 Spoke021 FIFEZEJLAMR~

4 KE/mm || 4k K /mm
Leav 250 D 140
Dyeam 50 Deay 501.6
Dy 240 Do 100
Liris 129 A 100
W 95

VST NS N R JEE AR 1) P i 2 B 3 2 B 1,
%R 2 Spoke021 HEEFHSH

4 s | 7 it
Frequency/MHz 325 B 0.21
Ep/FEacc* 3.14 (Bp/FEacc)/[mT/(MV/m)[* 4.77
Vace/MV* 078 (R/Q)/Q 187.4

* 30 E SO EE BTN I A ONIE KN L = 2/3 B,
Vace EAENEAMREN 1 J I AITHEEE R,
SRV EE, 75 BB AT T e 9 o U
H 3 A O BT

osl (a)
06f
<5
o 04}
02}
0.0}
0.0 0.2 04 0.6 0.8 1.0
B
8
(b)

AL A /(MV/m)
(3] -
T T

2150 -100  -50 0 50 100 150
Z/mm
KBl THEgHR

(a) TTF i, (b) H 7 13554



%1

MEFS: C-ADS SR Spoke021 I HLHL B 1AL 41

M9 7] L H Spoke021 [ i 241 8 = 0.22,
7£0.16 < B < 0.34 X 8] ¥ TTF [ EUERILE 0.7 LA L,
B ASL T (RRL - RS B A AT 8 e TR e e,
T C-ADS Ti H it 1 HE INIK 4375 10 ~ 40 MeV fig &
BRI s 75 3K

5 R4

ARSI S HAARAL BT 17 1R 43 2 Spoke021
Wik, MERSE AT LUA S8 MV /m B E, HCH S
5 Ep/ Eace M By Eacc ¥ LE H 1 C-ADS 18 H (1 5 14
B, AR AR PUNS N T THREH Spoke021 11 1o
XEARAE 10 MV /m HL3 NI MP 7087, il 45 3%
B, A FHZ S HUE AR AE 10 MV /m 1D # BE T
A MP, &—FAATH). Rl

Sk :

(1] SHEPARD K W, OSTROMOV P N, DELAYEN J R.
Phys Rev ST Accel Beams, 2003, 6: 080101.

[2] GONIN 1. Single Spoke Cavity For Low-energy Part Of
CW Linac Of Project X[C]//Proc of the 2010 Inter-
national Particle Accelerator Conference.Japan: Kyoto,

WEPECO057, 2010.

(3]

(4]

(5]

[6]

[7]

(8]

(9]

(10]

(11]

OLRY G, BIARROTTE J L, Proceedings of SRF’03, Ger-
many, 2003: 476-481.

YAO Zhong Yuan, LU Xiangyang, ZHAO Kui. Chin Phys
C (HEP & NP), 2009, 33(4): 292.

LI Han, SHA Peng, Chin Phys C(HEP & NP), 2012, 36(8):
761.

ZHAN Wenlong, XU Hushan. Bulletin of CAS, 2012,
27(3): 375.

YAN Fang, LI Zhihui, MENG Cai, et al. 52nd ICFA
Advanced Beam Dynamics Workshop on High Inten-
sity[C]//High Brightness Hadron Beams.China: Institute
of High Energy Physics, CAS, 2012.

RISTORI L, APOLLINARI G, BORISSOV E, et al. De-
sign, Fabrication and Testing of Single Spoke Resonators
at Fermilab[C]//Proceedings of SRF2009. Berlin: Ger-
many, 2009: 550.

KELLY M. Status of Superconducting Spoke Cavity Devel-
opment[C]//Proceedings of the 13th International Work-
shop on RF Superconductivity. China: Peking University,
2007.

A specialist tool for the 3D EM simulation of high
[2012-10-12]. http://
www.cst.com/ Content/Products/MWS/Overview.aspx.
ZAPLATIN E. Mulit-spoke Cavity end Region Analy-
sis|C]//Proceedings of the 12th International Workshop
on RF Superconductivity. USA: Cornell University, 2005.

frequency Components[EB/OL].



-42. O S 3 7/ B R i 7o W31 %

Electromagnetic Design and Optimization of Superconducting
Spoke021 Cavity for C-ADS
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(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The electromagnetic optimizations of a superconducting Spoke021 cavity is studied in detail for
C-ADS project, in this paper. The cavity model has been parameterized, in order to find the possible maxima
or minima of the key electro-magnetic parameters, the parameter sweep is performed. The cavity model has
been parameterized. For finding the key electromagnetic feature, the geometric parameter sweep is performed.
The physical interpretation for the variation of these electromagnetic parameters has been elaborated. The
electromagnetic simulation gives the optimum parameters E,/E,.. of 3.14 and B,/E,.. of 4.77 mT/(MV/m).
In addition, the Multipacting(MP) has a great effect on the electromagnetic properties of superconducting
Spoke021 cavity. So the MP simulations have been done for this cavity, which shows that there is no MP
phenomenon at 10 MV/m accelerator gradient. Therefore, the optimized cavity parameters can satisfy the
requirements of the C-ADS project. Finally, the TTF(Transit Time Factor) curve of this cavity is calculated
and it shows that this cavity has wide velocity acceptance.
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