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Abstract

A positron damping ring (DR) is under construction to meet the requirement of the low-emittance positron-beam
injection to the main ring of SuperKEKB based on the nano-beam scheme. We present a radio-frequency (RF) accelerating
structure for the DR, which consists of “multi single cell,” and can supply 2 MV accelerating voltage at maximum.
This structure is based on the normal-conducting accelerating cavity system ARES, where 32 ARES cavities had been
successfully operated at the KEKB main rings with extremely low trip rates. In this paper, we present results of low-power
RF measurements and high-power tests of the prototype cavity.
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Energy 1.1 GeV
Number of bunches / ring 4
Circumference 135.5 m
Maximum stored current 70.8 mA

Maximum bunch current 8 nC

Energy loss per turn 0.091 MV
Horizontal damping time 10.9 ms
Injected-beam emittance 1700 nm
Equilibrium emittance (h/v) 41.4/2.07 nm
Total cavity voltage 1.4 MV
Equilibrium bunch length 6.5 mm
RF frequency 508.887  MHz
Momentum compaction factor 0.0141

Chamber inner diam. (norm. cell) 32 mm

- 158 -



O LDROODOCOOOODOODODOOOOOOOOO
ooooooooomooooooooooD sico
obooooooboooobooboobooboobooobooon
oooooog

2. DROOODOO

DROOOOOODODDODOOODDODDOOOOOO
0000000 20000DROOOOOOOOOODO
0 508.887MHz 0 TMy,, 0000000000000
0000000000000000000000000
0000000D00000000000000000
000001997 00000000000000000
000000000000000000DROOOODO
000 o07MVO0000O0O0OOOOO 130kWID O
ooooooosMvOOOOOOODOO 180kwO OO
ooo

000000000000 GBPOOODOODOOOO
000000000000000000000000
(cloll-cHB¥gogoooprROOOOOOOOOOO
JOoodOoHOMOOOOOOOOOOOOOOOOO
O0000ICF030000000000000000
000055° M00000000000000ICF700
000000000000000ICF2030000000
0000000000000 0000mGBPOOOO
200000000000000000000ICE340
004000000DROOOOOOOOOOODOOD
0000000000000 0000000HOM OO
00000o0o00oooooooooooooooo
DRODOOODDOODD 200000000000
000000000000000000000000
00000000000002011000 DROOOO
goooooo Pig

3. JOORFOODOOODOODOOO

RFOOOOOO0OOOOOOOOOODOOOOOO0OO
oo0bo0ooobo0oOgRFOODOODODOOODOODOO
gobooOoooboooboobooooboooooooon

556 0.5

—— Wi: 240 28

7

150 256 150

O2DROOOOOOOOOOOOODOOOODOOO
oo

000000000 QUUOUDDDNOONDND QUOD
0000000000000 D0OO00O0DOOoOoOO
ooooo MMgoooOoo0D0 KEKBOOOOODO
0000000000000000oooooooon
00000000000000 15SmmO0000000
oo0ooooooO

3.1 O0DOOO0OOoooo

03000000000000000000000
0000000000000 000DO00D0OOOoODn
0000000000 200000000000000
0000000000D00000D00QUDOOOnO
00000000000 0o00000o0ooooooon
000000000000 00O0DDODOODDOoooO0m
HOMOOOOOOOOOOOOOOOOOOOOOOO
0000000000000 0-000000000D0
000 1000DROOCODOOOOOOODDOOO
000000000000 200000000200 S
oooooosS;08,, 0000000000000D
o0o00o0oO0ooooOoo

0000000000000 D000000000g
0000000000000 0OO0DOOoOooooon
000000 ¢ST MICROWAVE sTubIol'!lO OO OMwsO
0000000000000D0 400000000 400
00400000000000000000D0D0000
D00000000argS,; 000000000000
00000O0o0ooooooo @oooooo 40
0000000000000000000000000
040000000000000000000 4b)0
0000000000000 D040000000000
000000000o0oooooo

00000 509.191IMHO0 D 000000 300 1310
00000000 000000 509374MHz 0000
0000000 0.036%00000

- 159 -



509.6

509.4

»
»
»
»
»
»
»

509.2

509

508.8

Accl.-Mode Frequency [MHZ]

A FD with Curved Tetrahedrons

508.6

508'40 10 20 30 40 50 60

Typical Number of Mesh Cells/ Wavelength

O03000000000000000000000:0
ooooooobobooobboboooobomobo
goobooooobooooboooobobooooobooo
ooooooboooono (508.887MHz)O

(b)

e

040000000000000000000000
4000000000004000000000000
O0@@DO00S0010000@MmO004000 100
000000000000 00000000 10000

DROOOOOOOOODOOODOOOOODOODO
gboo25mmO0000000000O000O0O00O0O0C
ooooO0o0ooo0700kHzOOO0OOO0O0O0OO0O0O0OO
ooooooooooooooo 04mmI00000O
oboooooobnbO-100kHzDOO00O00 —90kHz O
ooboboooboboooboobooooobobooboooo
OO0O00OD0 (508.887MHz) 0 0 OO0 200kHzO O OO
oooooooobooobooooboooboooon
gboooooboooooboooo

obobooDoOoooobOoboOooboOoD 2kHzOO
gobobOooooboooooocoobboooooon
goooooo

32 00 QOOQ,0

0000D000000000000D0DO00O0OoOO
0000000000000000 5000000
000000 S;,000000000000 840 409
0000000000 00000000 2000000
00000000000 00000002918601%00

—~ 32000

a) X /nd 4901
P1 .2919E +0!

Qq(sm

31500

31000

30000, A

25000

30500

20000

300005 10 20 30
Typical Number of Mesh Cells/ Wavelength

60 65 70 75 80

Coupling-Loop Angle [deg]
OS5 00QUdO@UOD0ODOD0Dooooooooog
O00Qo(meas) 0000000000 MOUOOOIDODOO
doddbooodboooboooboooboooood
OQe(sim) 00000 400000000000000
gooon

00000000 »20000 00980000Q 0
oboboooboobooooboboobooboooo
oboooobooboooobobooboooboo
Oo0ooopoOooDbbD QbOoooooooooooag
100%IACS 0000000580 x 10"S/mO0O0O0000
oo0oobooooobogosmuobooooo 3142000
oobobo400000000000000O03000 10O
oooobomoooobooooooooog 93%000
DROODODOOO @QoCOCOCOOODDDODODOOOOOO

33 oo Q O (Qext)

000000 Qe 0000000000 DO0000O
00000000000 0000oooon S; 00000
oooooooM™Mp409000000000000000
000000000o0o0o0n Q0OO0000O0Ooag

Qo
5

00000000000 60000000000 OOO
0000000000000 000000000OO
00000000 400000000000000

0000000000000 02000000000
000000000 6000000000000OMWS
0000000000000 0000o00n 72000
00000400000 0argS, 000000000
00000 Qe 00000000000 M™@poomao
000000 600000000000O0OGdFiaLbI»
000000000000 00000000o0oooo
o000 MegedsridL 00 6000000000000
oWgpcOoOODOODOODOODOODOOOOOODOO
000000000000 0000o00oooooooa
000000000000 0000000000 0.5mm
0000000000000000000000000
0000000000000 40mmO0000 7(b)[C
GdfidL0 000000000000 100000000
0000000000000 000o00ooooog
0000000000000 0000oo0oooon
0000000000000000000000o0o0o
0002000000000000000000000
0000000000000 000000000000
00000000000 00004000000000

Qext = (D

- 160 -



O§5 80000 ‘This Measurement
A CST-MWS/ FD with Curved Tetrahedrons
70000 m GafidL igénmode+TD with Fine Mésh
60000
A
50000 :
: im
40000 A
30000 A
A o
20000 e
’ |
10000 £ s

e
60 65 70 75 80
Coupling-Loop Angle [deg]

Oe00000O0ODOQUODOOOOOOOOOO

oooooooooteoeooobooooonooDon

goboooobobooobooooboooboooooon
OOMwsOO0 argSp; 000000O0DO0OOOO0OO
obooobooboooboboboobbooDaedfidL OO
gboooboobooooboooobooboooog

U7.0000b00b0o0oboobooobooboobooon
O0@O0O4000MS[OG)ODOOODOOOO60O0O
(GafidL)DU0 000000000 34mmO000

00000000000 0000000000000
080000000003000000002004000
00000000000000P4003000000
O00000000000000 Uem) 00 Quxe OO

Uem
Prad

@

Qext = w

ubboobOtbbdlblwbhOoOOOobOObOOoOooOoon

OebO0000OMWSOOOODOOOODOOODO
gbboooboobooobobbecafiaL00Onooon
oO75c0000000000000000000 775
cgboboobooboooboobboobooboooon
gboobOobooombooboobooooboobn
OO00O000DO0O0000DDO00D0Qe O OO
gboooooboooooboooo

OO000O0D QUOoO0O 2000000000000
oobooboooooogooog7sscgoooon
gbooooo 1300000000

0.0004707

T T T T T T T
00004 i
i
i
|
00003 i
i
i
i
i
0.0002- 3
f
|
!
E
00001 l
o

0.0x10° 20x10°® 4.0x10°° 6.0x10°®
Time [s]

08 00000oboooooooooooooo 400
oooobooooobooboo

Power [W]

oogooboobooboooooon

4. 0OO0OO0OO
41 00O0O0OO0D
DROODOOODOOOOODOOOOODOOOOD

ooy MwOOoDoDOoOoooooooooooooo

0000000000000 O0O0O0O0O0ODRODODODOD
0000000oo00o0000000000000000
000000000000 000D0OO00OO0Dooog
00000000000 150L0000000
00000 RFOOOODDOOODDOOOOODOOOO
OO0 KEKBODOOOOOOOOODODOODOOOOD
0000000000000 00000oooooooo
ooooo M ogogoooo

42 0O0OO0OO

010020120 60007000000000000
oooobooooo v, oooboooooboopR,0
O000000o0obD0Ps000000000000
ooooooo

Ve = V/Raw x (P — Pret) 3)
oooo
Ry = (Ran/Qo) x Qo 4
QO = ﬂ X Qext (5)
B = 1+ v Pret/Pin V Prot/ Pin (6)
B 1—- V Pref/ljin

- 161 -



Pi - P [KW]

V_[MV]

Vacuum [><10'5Pa]
O P N W M 010

10 20 30 40 50 60 70 80
Aging Time [hours]

010:00000000100000000@O000
0000 (P,) 000000 (Pey) 000000000
0P./Pn01%0000@M((p)00000V,00000
(0000000000000 0000000000
0000000000000000000000000
000000000 0000000000000000
00000000000DROOOOOOOOOOOO
0000000000000000000000000
0000000000000000000000000
00000000000000

0000000Qe 0 Ry/QoO0O0O0O00O0DDODOO
000000000000 DO0OODO0O0OO0DOO REO
000000000000 0O0O0DOOO

00000000 80000000 ooooo
0000 08MVIOODOODDODDODOOO0.896MV
Ooo0oooooo200kwoOOooOoooo Moogoo
V. =08MVOIOOOODOODODOOOODOOOOOO
0000000000000 00oooooooooo
0000000000000 00000000OooOO
goooooo

0000000000000 0000000O0O
0000000000000 000D00Dooon
100D 000000000000000000 TVO
0000900000000 000000N00oooon
0000000000000 000O00oOoooooon
000000000 0O0DO0OOoOooOO

5. 00O

goboo2MvOOoooOooooooooooooo
oboHoMUOOOOOoOOoO0oOoOooDoooooD 3000
gbobooooobobooooboo2011oboooon

oooobooboooboooboo

oboooooooooQuUoboouonoonbodoDnQ
O0bo0o0b0b0O0oRFOODOODOOOOOODOOODO
ooooboooobooon

20120 6000 7000000000000D0O
oooooooooooooMvOOOOoooDOOOOO
Oz200kwhOOoOO0O0oo0oooooobooooobooon
orMvOOOoOooOOoOOoooooosMvOooooooo
ooooboooobobooobooboooonbon

oboooogooboooooooboboooobooobono-
Oo0oooooobooooooboooobooo20120
oooobobo1oooooboooooon

goon

[1] M. Kikuchi et al., “Design of Positron Damping Ring for
Super-KEKB,” In the Proceedings of Ist International Par-
ticle Accelerator Conference: IPAC’10, Kyoto, Japan, 23-28
May 2010, pp TUPEBO054.

[2] T. Kageyama et al., in Proceedings of the 1st Asian Particle
Accelerator Conference (APAC 98), Tsukuba, Japan, 1998
(KEK Preprint No. 98-45).

[3] K. Akai et al., Nucl. Instrum. Methods Phys. Res., Sect. A
499, 45 (2003).

4] OO O0O0O0MSwperKEKBOOOOOOOOOOOO
goooboooooooooomosoooogoooo
0002011 OO (Paper ID: TUPS131)O

[5] T. Kageyama, “Grooved beam pipe for damping dipole
modes in RF cavities,” KEK-PREPRINT-91-133, 1991.

[6] OO ODDODOOMHOMUOOOOOOOO Sicoogoag
gooooooooooomogsuuoooooooon
02011 O O (PaperID: TUPS137)0

[7] Y. Takeuchi et al., KEK-PREPRINT-97-36, PAC’97, 1997.

[ DOOOOOoooo 1000 cionnoooooooog
oooooO0obpbrROOOOOODO

(9] 2011 00000000000 O0OHOMO0000COO
GBpUOOOOOOOODOOOOOOODOOODOOD
ooo

[10] F. Naito et al., in Proceedings of the 1st Asian Particle
Accelerator Conference (APAC 98), Tsukuba, Japan, 1998
(KEK Preprint No. 98-44).

[11] http://www.cst.com/

[12] T. Abe et al., “RF Accelerating Structure for the Damp-
ing Ring of the SuperKEKB Injector,” In the Proceedings of
1st International Particle Accelerator Conference: IPAC’10,
2010 (PaperlD: WEPEOS7).

[13] DOOOOoOooOoOo3o0oooobrROOOO0OOoOoOnO
oooos3pooooboooooooo

[14] Edward L. Ginzton, “Microwave Measurements,”’, Literary
Licensing, LLC.

[15] http://www.gdfidl.de/
[16] http://www.gdfidl.de/HowTos/External-Q/index.html

[17] DROOOOOOOOO9%°°000000000000
goooooboooooooooooooboo
gooooooooo40000000000

OoOoo

ooog
ggooe
good

[18] T. Abe, T. Kageyama, H. Sakai, Y. Takeuchi and K. Yoshino,
“Multipactoring suppression by fine grooving of conductor
surfaces of coaxial-line input couplers for high beam cur-
rent storage rings,” Phys. Rev. ST Accel. Beams 13, 102001
(2010).

[19] DOO0O0OOOOODOO0O00000VvV.=0.896MV OO0
gobooi1oooooobooo

- 162 -





