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Table 1 History and future plan towards the simultaneous injection
to four rings, PF-Ring, PF-AR, KEKB-HER and LER.
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Fig. 2 Beam acceleration pattern for PF, KEKB-HER and LER.
The ordinate denotes beam energy and the abscissa denotes
distance from electron gun. (Courtesy of Dr. Masanori
Satoh)
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Fig. 3 Beam spectrum (upper) and visible light monitor (lower)
with and without the feedback system. The left two figures
are taken when the feedback is tuned on, and the right two
figures represent the beam motion without the feedback.
Note that the unstable beam spectrum corresponding to the
horizontal betatron frequency (610 kHz) is apparently ob-
served in the upper-right figure, and the beam profile become
wide and sparse as shown in lower-right figure.
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Fig. 4 Block diagram of transverse bunch-by-bunch feedback system using the integrated gigabit signal processor, iGp.
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Fig. 5 Block diagram of longitudinal feedback system. The same digital signal processor is utilized for both transverse

and longitudinal plane.
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Fig. 6 Photo of longitudinal kicker cavity installed at the down-
stream of main accelerating cavity.
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Fig. 7 Longitudinal beam profile by the streak camera. The upper
figure shows the bunch shape without the feedback. As
shown in the lower figure, the dipole motion is completely
suppressed by the feedback system while longitudinal quad-
rupole motion still remains.
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Fig. 8 Block diagram of arbitrary filling-pattern control system.
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Fig. 9 Result of smoothing in bunch current as a result of filling-pattern control.
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Fig. 10 Schematic drawing and the experimental result of hyblid-
pattern filling with one large-current bunch and many small-
current bunches in PF-Ring.
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(a) Conventional injection system with four kicker magnets
(KM1-KM4), and (b) new injection system with a pulsed
sextupole magnet (PSM).

Fig. 12 Pulsed sextuple magnet (yellow-colored magnet in the pho-
to) installed at the straight section of the PF-Ring.

20074 TH » Joo /NIVANEE A TLRIEDO B\ AS
DAETH A FEL, BB —LAICRETHIE
By B —BEA AFH N TREBHIC NS WS &, B—
LT T 7 AWK EGEBPE S S\ O TR —
LTGAVTALNAMEET S5/ NN T & PR
Nz,

2NV AR ERATT v N —BHAIC LA AL E BT O
ABHLER Y 7 % ABHAD/INT A — 2 IPA—D % T AS
TEAHMEBELYEALTHRESIN, BT/ XLEBHADDHA
HED» D 3 OORAENA BB L 2 hORBERLE, &
R7VYalb—20F S FRICEEINTW5, Fig. 121
DU ZICHRB SNV ARNBEBADERTH 5,
F13300 mm, R7 EIZ66 mm T, ASE—AZdLES
D7 BACEIZ 1 mm Al A @& L, BEEEICIE—MEHE
AT S & E DRIV ARMBBIC X b5y 7 w0 D,
1417 OV AR D FEFE R AW o EEIR O UL AR
2 PF V7 DR EEERI624ns LD B WL D TH - 72D T
1722y 7 %% 5BBHNRAFH TEEr -7, 1
=V AFHTHIE L 728 OV AR FET AT N TE S
FBIFROTER % 7> T20104E10 A L V7 OU ZARBASHIC X
By TT v BEEHB L, L2LESRENPDI—



FEYw S ZX L PEYLEFDLy TT7 v T8

Y= IRBAAHE D 7 < BIROEEREE 7 — 7 )UIn AR SIS k%
TRBFELI2OTHEIL, #EHEOSRR AT - /o,
20114 1 B X 0 7V AARBASHIC & % 2 — 0 —Eix o
B L 720 FFBARRIIH 2 20 7 IEFNC R I8 2 et 7,
BARO/ OV 2RO, ABIRAF v —EWA
WCEDAHO25DO1IRBREICEE-> TW5DH, EolEs
DTOBERHOE —LADPEROKESIEHFHF>TNWBHI L
HEBEETHEE R — LA 2 AHPELPNIWERD
Beo T b, BREY — AICHR A MU 2 IR % 5 3 % ik
Tk L TIT-> TR, ABIELFy I—BHRAICS S
FRROFERL, BRE D b K ELWBAREEONAHL
WIERRRE 1S OB T ¥ a2 f T T B,

6. by 77y TEEDRIRESERDIEE

3 V7 ER AR B ATRE & 7% - 7220094 4 H X 0 2011
FEIHETHBINSZ LIS EHEWICE v I 7 v il
AT ONTE/, PFUVZTRBETHDOSH 1 HA
TRV VAR T 4 —BIUOBRTFICHTOHN, DD 6
H [l 28 6t U 7o 2 —4 —#iRRe ] & 70 > T 5, Fig. 1312
20114 2 A O< ) )V F NV F a2 —Y —JEind, #7226
HEOBEEERMIESET 70y P Lo Py 77T v T AS
FRIFFEICE -0 2L BT —L, UE—LF@mDOU T IV
B A LNETFHRIT>TW5b, Fig.BiIc7/0y F L7z 6 AT
BV —aFamdfbHTIRIE-E Lk > Tb, PF Y
v 7 Cld Touschek Fy & B 1 ARELIC & A Fm oSt
FAHLEMIT > TED, E—AHFRIIE—AF 7 F OHE2E
DRE LAETHARZENE, FRCPYRIRE) DR E A DN
Fiw e 4 — 9 HEBELEETH b,

CD6 HEDOAFHT T NT/ 0 AR ER A % W7
ABIToizo 1HIC2ME, 8:30&20: 300ELNTH 2
mA OBRMEOWLBA SN S, Zhid PF-AR ~D A4
&5y 77 v TAHOFREO-OTHS, 2 H20H
20 : 30D A CRIFMA—E440mA FTAEL WAL T
WhHR, ZORE PF-AR TOAS 5 7 )LD 7= O
I D155 & K & < EE - CT1RHERRIC KA /20
’G%o f:o

ASE— L7 — F e EBEERME A TIRE A T e 4 —
7, ERfEE FERNT 70— X952 EIC ko TEER
EHERFL T\ %, d@E, FMR{E%450.00mA, TRREA
44998 mA ICREEL TW b, EREBIRMOY VTV v
JAI0.1s, F/- LINAC O AFE —ADE DR L ILWEH
1Hz CREE STV 5, SR TIEAS OB E I N
FRIZFEL Ty,

COXEDaHIENC L - TEEBEIMEIL Fig. B O X 5 7%
ZAK A T—EMEICHE N TN 5B, 1EDASH VA
122 %0.02mA 72\ L 0.03 mA B ERMA I 5,
450 mA TOV — AFH @45 h, B — A0 ZAKICT 5 &
W33uA/s TH 5, 1HzTO 37\ L 4 [EDAH A

g & 8
(y) swmayry

Beam current (mA)
&

S
S

1 1 1 1 1 1
2011/02/19  2011/02/20  2011/02/21 ~ 2011/02/22  2011/02/23  2011/02/24
Date

Fig. 13 History of beam current and lifetime in successive six days.
The ring is operated in the top-up mode at 450 mA.
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tion. The graph shows the total beam current in 5 minutes.

200 R CRE DB SN T\ 5, FBHLfEI3H12449.98+0.03
mA OFEFICE - T, BREEEIZ£001% L0 b
By, AR A%ZE L TWi 1 4 BIc#10E (70.2
mA F124), 1EFRICIERI550E (#9910 mA H24) O AH A
o b, KU & > TAHDELE VK TTHT LoD
B, E—=ABAKRITE L CTAHFHKRITFICHERBDDHD
TRECERBIPREIN TS, PF-AR ASHC L 50
W % B4 (X Fig. 13 124810 72 6 H M CE B B I E A1449.95
mA % F[El - 72D &5 8 8, 449.5mA % F[E - 7Dl
1EIOAT, WiFnd I < ERFHETEFREICEIEL Tw
%, LINAC OLEMNE L EEEIT D L LD, SOV ARHE
WA/ IV ARBEEA 24O v 7T v T AH &
Bt TIT K 5 2 THRICRETIFELE LT b,

YUY FE— FIEEBRMS0 mA TR (T
W, B AHFBIIH2ERE, C—202AKCTHEMT
uA/s 7%, ZRBMAEILIVF /N FIEER & RS OL
BRI SN, MR ERMMOREREIL£0.05% Th
bHo U—LBARNK2ME 7B DICIH L THLE R AS
B L2 65 2700, Fig. 18 X RO ASHRI10FEE T
BORINDHT & Lins,

<IVF N FEER TIEA200RIE, v 7Ry T
B CIIA10R IR & M CHR CASH 2B DR L T
WALR, BIRTIIY—AF5 4 VTAFIC X BB B —L0D
EEHIHEVRE S 7> Tz, L LIERIICIZE —
ASGAVTHHEDY VT ) v 7 R O@EE L7 & 5 Rk
ENHDT, AFRXA IV BT H7r—MMgHFEUE D

BEt¥E Jan. 2012 Vol 25 No. 1« ]9



HEfF A DTV B,

ERERMEA ST 572 DICB B A Y — ADR BN
BTSN F o TT y THEERARICRA T AR L
NOVOREIZAEL T\, 7272 LRTE TRz X S I1ICH
RTIOVATRKBO ASEYR A F v 1 — AFHT L L TH -
TWBZ B, AFIROUETEELFETDH 5,
3TNz EBY, EEBRMEL—TEILHRINTVTDH
HET TR LZEEDOVIBIRE OIRIEICELAEL, E—L4
A VTHRENBREDOEFHABH NS &b 5, BUR
13 RF OMHZEFREO O TRHEMIC R BN Z K> T 5
B, CHUCOWTIEIR AR D E S ROLN T W 5,

7. £¢&8

LINACZ W—7 Y KEKB 7 » 7 F U7 )v—F LDk
MT3Y VI RRBEAREZER TS EICED, 20094F-F
FOPFOVVIDL 7T v TEESFEE & 725 Jo, PF-
AR % &/ 4 U v 7 AR ASEHEIE PF-AR % 4 GeV [5
ET AL L5 & TM44EREICTE SN TV 5 Super
KEKBOa 3wy s Z V7 ICRAML CERT S FETH
B

R Tl PF-AR NORBHNAFHEAZRIFIE T v T T v 7
AGHETOREE LIEFICD 7 <, EEHBEMRMEOLE)IE
LNES —EBER M T LN TECN 5, ERIE
HMEFE 92 ERIRFIC, BEM, AETHMONYFT 4 —FN

v 7, INVFT 4 OVEIBEIY AT K% B CREHCHERE D%
ELEH > TWb, TAEHINC/ VIV ASBERAIZ LS
A 54T T, ABHTHE S B — ADOZEB) 2 I L
TR & e L T\ 5,

ZEM

1) T.Hondaand Y. Kobayashi: J. Particle Accelerator Society of
Japan 2, 494 (2005).

2) Y. Tanimoto, ef al: J. Jpn. Soc. Synchrotron Radiation
Research 19, 233 (2006).

3) M. Tawada, et al.: “Development of pulsed bending magnet
for simultaneous top-up injection to KEKB and PF ring”,
Proc. PAC09, Vancouver, BC, Canada (2009) p175.

4) M. Satoh, ef al: “Simultanious top-up injection for three
different rings in KEK injector LINAC”, Proc. PAC ’10,
Kyoto, Japan (2010) p4287.

5) K. Furukawa, ef al.: “New event-based control system for
simultaneous top-up operation at KEKB and PF”’, Proc.
PAC09, Vancouver, BC, Canada (2009) p765.

6) T.Nakamura, ef al.: “Single-loop two dimensional transverse
feedback for Photon Factory”’, Proc. EPAC2006, Edinburgh,
Scotland (2006) p3006.

7) R. Takai, ef al.: “Bunch by bunch feedback system using iGp
at KEK-PF”’, Proc. DIPAC09, Basel, Switzerland (2009)
p59.

8) H. Takaki, ef al.: Phys. Rev. ST Accel. Beams 13, 020705
(2010).

9) K. Harada, et al.: Phys. Rev. ST Accel. Beams 10, 123501
(2007).

ZEERBN

AH &

BT AR ILF — RIS HE

RS TITCHER AR

E-mail: tohru.honda@kek.jp

=P mResEE, BT

[R&EE]

19844 U K F LA B B LAt AR,
19854F~19924F B UK - A BEH AT B 2 A
BF, Wit (T2%), 1992 X0 &1+
IS — 4 BRAZIE S FT O G 9 i 52 B
F, RWERERFUMEITHEREE 2 T
REPEY, BZETY, IEGEEOD
FEICHES. 20094 4 A X 0 B,

20 © #EHE Jan. 2012 Vol.25 No. 1

R R

B IR IF LRSI
PRIFFRZT R AESIR

E-mail: takashi.obina@kek.jp

T ILRSFEE, B — LZH - &I
(R EE]

19964 #& & B 78 KB KA B A1t
TEHET, Lt F%), AARFMIRE
2RI B 2 T T L F — By
WHIE AT A E B R R B =,  20084%[R]
HEHAZ, 20094F 4 A & D B,



FEYw S ZX L PEYLEFDLy TT7 v T8

Top-up Operation of Photon Factory storage ring

Tohru HONDA  Accelerator Laboratory, High Energy Accelerator Research Organization (KEK),
Oho, Tsukuba, Ibaraki 305-0801, Japan

Takashi OBINA Accelerator Laboratory, High Energy Accelerator Research Organization (KEK),
Oho, Tsukuba, Ibaraki 305-0801, Japan

Abstract At PFring, a 2.5-GeV light source, the top-up operation began in 2009 April. The injector linac of
PF ring is shared with the other light source (PF-AR) and the electron ring (HER) and the positron ring (LER)
of KEK B factory. The top-up injection for PF ring has been realized as a simultaneous continuous injection with
HER and LER. In preparation for the top-up operation, the bunch-by-bunch feedback system for transverse and
longitudinal instabilities and the bunch current control system have been developed. A new injection method
using a pulsed sextupole magnet has been developed and put into practical use. The stored current can be
stabilized better than +0.01% of 450 mA at the usual multi-bunch mode. A beam test of a hybrid filling pat-
tern has been carrying out after an arbitrary fill pattern can be maintained at a constant bunch current.
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