H38% e 1%

2015 % 6 B

£33
NUCLEAR TECHNIQUES

VN Vol.38, No.6

June 2015

1 500 MHz 5-cell B2 ERBEMRL

= ez 1,3

T
TaH" R

B g 1

=

A& HH

B & EY B R

R At

1 (PEERR RN AR #ekX B 2018000
2 (PEEEERE K JERT 100049)
3 (LT RERE S m R R E S E Ll 2018000

EUES

AE B [P LN AR BRI AR — I E AR . 4% B B Bl B2 s o ) S LA &%, A S

LR AT T — BT L 1 500 MHz 5-cell 515 . B INEAE TM,,, ) R/Q {HIAF] 550 Q, wJ LA
AR EARARIRIRE - 2R3 cell RYRAVE AL4A 3 w7 SR s A it I, R4 el 1
U WAL R T B AR T VB 1 588 5 P M BR BE R LAY s EpdEace=2.06, By/Enee=4.22 mT/(MV-m),

BT S BURSTHRRE, I FLLE A S5 5gRh BE X (1520 MV-m ™) JE IR L FAS I 5 . Bl s SR EoR, %
SR ISR ISR R R B AT IR .

KR s, BEE, mE, BERITE
hE SRS TL503.2

SSPAGER T HOR S H R SRR S 1 i 2% 1) < B
HARZ —o NHREH —AEmRe . ELEA
HH HE T 306 (Continuous Wave Free Electron Laser,
CW-FEL) 5% 5% 7t B8 &= [F] Ui B £k N 3% 25 (Energy
Recovery Linac, ERL)5 it b, S8 FHEAR N
LRSI i R I PR R B B A AN W] B
e o B AT IRd &5 U AT AT TG #OAH 46K
SR S H R . WiSEE R LCLS-II (Linac Coherent
Light Source-11), H L iH IR 1 300 MHz [
RSB 4 GeV 0.3 mA /& B E 4% CEFF2Z L ED
s My BRI [ R BT 0% EURO-XFEL
(European X-ray Free Electron Laser), UK T
1300 MHz 8 5 Se Ik s LR X 4 28 FEL 961
14 2% [ CORNELL K77 ) ERL Y6, 1 2 4 Fiht
fRLat BB FH B E 7 IE S 9RIAT 1 300 MHz
7-cell 48 T s B 46 4B

rh R B R FH P BT 9T i AR TR 2R A1
[ H R EOE T TS T R E RN, RA K
TF I FE S B v B S ARAEAT I 1 R RO
AREFTE . ASLBLESE B H T BOGH & 8RR
I, AR SR e L. AE0AN
WHCEERL, AR BT MRl TAEFE ERL A
FEL 2% /1 500 MHz ] 5-cell # 3 5 SH-ERL

E 5 AR 54 (No.11335014) B 1)

DOI: 10.11889/j.0253-3219.2015.hjs.38.060103

(Cavity for Shang Hai ERL), Jfil il #flsh LK,
B T RE W W 2 T B B e B AR AR B AT
R

1 SR
5 S R AR 0 A B 1 e S ORI A
BURANE BEREE, DIE R AR £ LR 5 E

FEIE MR G BT AR . TEMRNERE LY
Y2 84 TESLA Bty , HE7x 1 500 MHz A
BARAZD), (H )& TESLA B T3 1 300 MHz 193 %
PR AT R, %&£ T 1300 MHz 75N ARSI,
HR, [ PR E T, B KERR RS
AR L, R

2
Rliss EaCC X l (1 )
R A
—x0,
0

K Pais NHAGHRE: Eaee N T HIINERLEE: RIO N
FERFERE ST, RO SREIRA K. e m gl DL
REAL K TR FARFE . SRR sy, s ik
= JIR5AV %A N ol ] NP i [ Y PR S 5 5 s Rl ]
Ao TR A B /0 0 fs A A A A6 743 vl Ak B RV S 3
FIERPEAES R e R L, ERE AR b N 3
WL AT CLATE 250 MHz B VHF (Very High

W—AEE: MR, H, 1990 fEHHA, 2008 SEEL TN AR, BUABILAT oA, B LU EAR R H

JEWAER: XK, E-mail: livjianfei@sinap.ac.cn
WA E A 2015-02-11, &FEIFAM: 2015-04-13

060103-1



o R

2015, 38: 060103

Frequency) 755 500 MHz 2 cell®F1 5-cellff)
S BT R T S S8, EATR AR 1 500 MHz
IR B IRAEADS . N A — T HEE,
I PRS2 B AR A3 il 1 AE N vy B3R T BCS
HLBH, {H 2 AT DL i PRI AR IR R Bk R B 3R T
AbFRT7VER, A5 2 ORI s T AL PR A T V2 MK T
BCS HifHl. LU ERER, ASCEEFE 1500 MHz {F:
IR TAESZ

2 BEERITHBEFRSEX

Jis BUAR A AT BE O B BE /N A RE B ey B
FE, FF HLE 37 B0k 5 45 PR )RR 5 e 14 e 1) 1A
. BFEMRERFETHXQ)S T :

P :RS><VC2
diss —ExG (2)
0

AH, Puiss NIIRWFE: V. NINEEE K R AR
B, HAER2), GxR/Q &S, HUEN.

{H 2L A 1 & 4ii(Radio Frequency, RF)Z 4 [A]
I IA B A AT RERYT, BRI T A RINLAS 251
P TR, BRI 77 A IR At = A2 4
TE 0] DA SZ TG Rl U BB SR B — = s 4. 400
Bl Br b L i B i B 4 R LAk im0 2 B AS [R] 0 2 7
o =K (1) IRDIZEAFEE R (Low Loss Type),
U1 CEBAF 4% et 0 H i s 20O Sekutowicz
N ILC Wit B, (2) He/ME EgdEace S8 0LRE
RIHECR ST REE Y GRS EAE 15-20 MV-m !
F) P S S P X (38 AT 5 R AE IR Y, B
PAIEAT 75 A S5 s Ao i X T 7 fls 28 S im0 2 e /ML
EplEwe %0, f11 TESLA' I CORNELL K224
ERL it (b, 3) A H/MEM Bu/Eacs
DA S I BE vy s R B s 2, 0 CORNELL K211
BRI,

AR 1 500 MHz 5-cell #8-F i ia 4TI K]
I BE FE RN 1520 MV-m™ " (& n sk B (X
&), ZHEARACK N E /MY Egn/Eaees PAREARIHEUK
SRR . ZZEFE TRBEHRMER N (1)
EpdEaee<2.1; (2) B/ Eaee<4.3 mT/(MV-m"); (3) R
BRI GXRIQ; (4) W2 58I ERL X s i) i)
BR (5) HEPEERT 6 mm OUMF 6 mm XELLIN
T) Bl

B SH-ERL Wit A EAR HFR AR, B 5afd
F Superfish %f i B AT A B IE: SR/ CST
(Computer Simulation Technology)f#li T.1F % KXt

AT 23 BT s B S HY Multipac X 55 1) IR
PG AT AR g . A SCIRE H 2 0 — R A
PUSHE, (8 I%H I RS I A2 S e B R R
R IBAT I ESR

21 HEREMRAIRIT

{fF] Superfish 34 R HEAT o B AL FLTH 5 DA
VI E Hom iS5, 9 SH-ERL #1111 1 500 MHz
) s = A 1 TR .

B 1 o s R R
Fig.1 Schematic of a middle cell.

WE 1 FI7R, Reg RRTRIEFAE, Ry A AL
AR, Ain Biv ain by o IR BY R A TE AR ] DA
KA RS 5, L RoR s e K, o
NIRRT TS, R R
SRR 1 500 MHz, 133)%& JUTS 501048
xRS Hn s i 2 B .

B 2)fT7R, R/Q TE a; BL 1011 mm 425 HY
B ERAE . R BURLEE A 1% X A B B /N
ke, b o BUATE 10-11 mm. HE 20b)Fw,
ByilEace EpidEace 53 MTE TR E MBI ecquaor 9
0.85 1 0.9 BT HAFBACAE o eequaor TAE LN
0.85-0.9 5T s BY e % A B = IR B . F
2(0) R, RALSAEHEEREE R e N T 1.75 1,
Ep/Eqcc 552/, BESEUFH FRAR A BUR ST RS . BT LA
eiris DUAIETE 1.65-1.75. HE 2()FT/R, Ep/Eacc 1E
o KT 1200 BZEJk b o NI EUR S AR, o
BB A 12°-14°0 FEF UL 40T, o e s s 284 L Ae
S HEUEIE 1 Fis.

060103-2



¥ UR%E. 1500 MHz 5-cell 485 /B (107 B ik

1.05

—a— R/IQ
—— EnlEacc
—a— By/Ewe

Normalized Units

Normalized Units

Normalized Units

Normalized Units

0.98
(b)
0.96 - N’N—N_.N__k‘—k‘_‘“
0.94 F W“l‘"ﬂ—c——ls'—l\.
092
—a— R/Q
090 | | —o— EplE
—&— By/Eacc
0.88 |
b
0.86 |
0.84
0.82
080 1 1 1 1 1 1
0.65 0.70 0.75 0.80 0.85 090 0.95 1.00
€equator
0.96 T — ——" — -
0.94

0.92
0.90
0.88
0.86
0.84
0.82

I

1.60 1.65

1.70 1.75 1.80 1.85 1.90

Ciris

0.80
1.55

2 a;(a) Coquaor (0)s @ (©)~ einis ()BT HE i = 4912 K s i
Fig.2 RF parameters as a function of a; (a), ecquator (b), @ (), eiss (d).

#1 FERERERTSY

Table 1 Dimensions of a middle cell.

244 Parameters R,/ m A; / mm B;/ mm a;/ mm b;/ mm R,/ mm L;/ mm
HU{H Values 89.16 35.84 30.83 10.70 18.32 31.18 49.97
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Table 2

Dimensions of end cells and beam pipes.

24§ Parameters Roq/mm AjorA./mm Bjor B,/ mm

a;ora,/ mm bjorb,/mm RyorR,,/mm Ljor L,/ mm

I Left 89.16 35.93 35.10 10.83 21.05 31.20 50.21
el Right 89.16 35.46 35.15 10.86 20.81 31.20 49.50
.. e R 0O, s
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Table 3 External quality factor of the higher order modes in cavities with different cell numbers.

B Cell $H I AR 5 R T
Modes (lowest) Number of cells Frequency / MHz External quality factor
TE 5 1825 435%10°

7 1821 1.09x10*

9 1819 2.18x10*
TMi10 5 1854 8.79x10?

7 1837 2.39x10°

9 1830 5.01x10°
TEx, 5 2607 3.79x107

7 2 605 1.02x10°

9 2 605 2.14%10°
TM,1o 5 2614 9.33x10°

7 2612 2.91x107

9 2610 6.11x107
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Fig.5 (R/Q)x(Q./f)’s spectra of the dipole higher order modes
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Table 4 RF parameters comparison of different cavities.

RIQ/Q cellRIQ/IQ G/Q G*RIQ/Q*  Ey/Ese By/Euce f/MHz
/mT/(MV-m ")
SH-ERL 5-cell 550 110 272.69 149 980 2.06 4.22 1 500.07
TESLA 9-cell 1012 112 271.30 274 619 2.00 421 1300.12
CEBAF LL 7-cell 891 127 281 250371 2.17 3.74 1497
CORNELL 7-cell 771 110 272.61 210 367 2.06 421 1300.10

i H ABCI (Azimuthal Beam Cavity Interaction)
TR T AFEIR B T RN AE R 1, SRR
B FE A m BFE R an 1 7 s, mlas s g n) 45

FEDR o S5 v A D 2R X (8) s«
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Simulation of a 1 500 MHz 5-cell superconducting cavity

YANG Jun'?®  MA Zhenyu'? WANG Yan'? HOU Hongtao'® LI Zheng'® LUO Chen'?
MAO Dongqing'?  SHI Jing'? LIU Jianfei'’

1(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Jiading Campus, Shanghai 201800, China)

2(University of Chinese Academy of Sciences, Beijing 100049, China)

3(Shanghai Key Lab of Cryogenics & Superconducting RF Technology, Shanghai 201800, China)

Abstract Background: Energy Recovery Linacs (ERLs) are being developed over the world to realize future light

sources and other applications. Purpose: The aim is to design a new 1 500 MHz 5-cell superconducting cavity for

main linac in the ERL. Methods: The new cavity geometry was optimized by several radio-frequency softwares.

Results: The new cavity is endowed with the following advantages: with the R/Q of the fundamental mode TMg,, to

be 550 Q, cryogenic losses could be reduced effectively; in order to reduce the risk of field emission, the parameters

Ep/Eace, Bp/Eqoc Were optimized respectively to 2.06 and 4.22; a larger beam pipe was employed to propagate the

higher order modes (HOMs) out of the cavity, increasing the damping efficiently for the dangerous HOMs.

Conclusion: It was found that radio frequency property of the new cavity could meet the requirements of ERL-based

Free Electron Laser (FEL) very well.

Key words Accelerator, Superconducting cavity, Higher order modes, Simulation
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