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Abstract

A gated beam-position monitor (GBPM) that is capable of measuring the beam phase and transverse position of a
specific bunch has been developed. This GBPM can be used for beam dynamics measurements at KEKB, a double-ring
electron/positron collider. First, the monitor is used to measure a beam-beam kick by comparing the beam position of a
colliding bunch with that of a non-colliding bunch. The monitor estimates the effective horizontal beam size at an
interaction point (IP) from a linear part of the beam-beam kick and revealed the effect of the crab cavities on the beam-
beam kick. Next, the beam phase and transverse positions are measured along a bunch train. A horizontal orbit
displacement was found under the crabbing collision. The horizontal displacement is caused by an asymmetric kick of
the crab cavities, which is based on the transient beam loading. The technique using a gate has the advantage of
diagnosing a beam anytime without disturbing other bunches.

F— A v—Afiiie=%—LKEKBTOREH

1. [FC&HIC

KEKBYZ 2 >0V v V2 bET LBETE— L
VT O CHEESELIMEGR THD, B
E— A DT R LF —[L8GeV, BE T13.56eV. Fi
Fno U ZIIHER, LERE FEIEN TW 5, E2EITK
SEH AN 22mrad DA FEfHE TR I TV Ty, FEE
7 7 TP E S, ARA S o 72 #E THEM
REHEERSED &2 R TRINCER LR,
IOV I TENE., E—AOBELEITEZ /AN T
N F oK EHMCHERSEDL Z LN TEE, 77
TEIEY I BT ORBEINTWNDS DT,
275 T IR K DS F DK ST AME X 5 A A
TET2ZEnTE5, LL, HEREOLE
FEBEGHNTL 3L, T, M
E— A BT =2 — 3N F I B — A 2 E
TAZENTEXSL, ZOF=F—%MH\, fHize
T L IEEEN T OMIBEZENDL, HELATOE —
LebE—LbXv I EWMETHILENTED, B—
A BE—AFw 7 IIOE NN, VT TERIILS
WP EZBHTHZLENTEETHAH, X, M
HWEFRTOE—AAMICLD, BE—Af RN F

FIZE S TWAZ ERBHIERTWAP, ZofrH
BHNT T TEBRADO T TCEDL IR BE2Z AT

HAHI M, SHIC, F— MillER Y — AL EET =

=, RN FORBZREST S LENTE S,

ZOREIZ, MO FEETZENRNDT,
KEKBD X 9 72 238 o F TiElfiz L TV A IINEER T,
WHFE—ARMISHTESTHA D,

2. EZAZA—IRT LA
— M — A E T =X — 13D D EFE NN

FEBBIRLZEDNCFEFTEY 7 OEEREBLIN
OFECTUHET 2, BEEONFF—2 2 H1E L

725, T2 —HNTOZ T —F D*—/\/I/f;s,ﬁjL
BRHIEORBLX vy v LT HTHAH, M1

=F =V AT LADTay I HERT, ‘J“/)’?/@Fﬁf
By T o ENTEANFEEILS ns TED LA
TH—bh&ND, ZOrIvAF 53 I0EE K CTE)
{E-4 % 1Q (In—phase and Quadrature phase) [A] % T
Ml Szl 20 ¥ — 7 fE5ADCH T o
TNEND, IGREEANTNDEO T, AKEEEEL
EEREBCE—AfMEbHETE DY, ZoE=

Z—DREITR LIRS D, EEEEZ VLR,
BI 7m0 CHELZIE TE 5,
SWPLHSG .......
lof4Charmels—
WADC

I."Q

.\._E—}GAT BPF. AMP]—
&ﬁz 4 Gate Pulse ‘ : R

Dela.y
| Module

o8-

39‘” 100kHz . LEF: Zow Fass Filter
. : ATT: Attermator
BFF: Band- Pass Filter

/7 }\%Uﬁﬂ”‘”f\ B E =2 — O

# 1 E=%—DOMHiE

Pick-up Electrode Button

Detector Bandwidth 509+/- 30 MHz
Resolution of Position 20 um @ turn-by-turn
3to 5 um @ average
0.3 deg. @ turn-by-turn
0.10 deg. @ average
>50 dB @ 2GHz

40 dB @ 6 ns spacing

Resolution of Phase

Isolation of Gate

-646-



Proceedings of the 5th Annual Meeting of Particle Accelerator Society of Japan
and the 33rd Linear Accelerator Meeting in Japan (August 6-8, 2008, Higashihiroshima, Japan)

3. B

31 E—A-E—AXv 7 OHITE

BT & BTN T OBE 2 PRI TS
L. BEWOEMINIICE VAN TFIEXy 7 S5,
ZORER, W — AOHBEEM AR ICEHDbND,
L EEENODOR—4 ka TR Ag , DT
TR S 2 BN AX 4, 1

_ \/ﬁdel.ﬁ*

2sin(mv) (1)
LB, TITT, Pug & BT & A TO
R—F b BT, vigR—F b Fa—,
0, ZHEICE D% v VA THD, B EFAT
Iy E—LA B AR EBELTHIFIXTET
bHrOT, BRI ENHIHEEMITE—L - B— L4
Xy 7 ABICHBIT D, —MRICHEZE AR TORIEENLIC
T DHE—L - B =A%y JIXIERIERRIC 72 D23
HLIE A RN S VR IV TIE . B Tl
BIEMWTED, TOARIIE—LE—L/NT X —
2B L, EINR e —LY A X HET D L
TZ 5,

E—A s B—AFXy 7 BWET DO, HEHIEN
TOEL EHETE— LOMIH 2 80E 2 A 2 7208
SEE T E— ADEEN T LEE L TN
FOGEEZPE LT, X 2IZIZIER Uy T
O FCTHRIE L7818 2 % 22 50 C O K F#LE 2L O
B L LTmL, 777 EREENL DA LA
TOGAETHELTWD, 77 T7ZEMICLY B —
Lo B A 7 AWML, LT T O AR A
FIMEHEIM L CTWAB Z ENbnbd, Zhix, E511
T ARSEF YA R A2 CHEA TS 2 L 2Bk L

6, cos(av —|Ag )

det.

T,
200
. T \.\.\ L B R
2 150 geosaet’ e CrabON -
S 100 - i
2 S0 —> "ty i
2 0F CrabOFF .J E
] = B
z 1_(5)8E ':t . A P
- e e red 1 8
A~ 150 By | RN AN A \.\‘J.\.\ [ ‘ L1 \.a
-300 -200 -100 O 100 200 300
Horizontal Offset (uwm)

X 2 : @255 COM B — 50K TR RN 28
PEAZKET B = & — M TOKEBIE BN, FRILD
7T T IENBIEA ., N T TEEAL T,

32X F b LA N o T2 fE B ONEAR D 2R AL

KEKB® t'— A DR #1X 10us, ~N—F=v 7
Bi35120TH BN, BTy MIAVT R A>T
DO TRV, NUFEE3R W L4ANT y MR O
Mok LA CItA TS, ZREAAVF R A
FEATWS, X, NUF b A rD%iziE, B—4
FRERIC A T EEDB D DEE ANy MEEE B
5, 2T, BEERE#HOS%EZ 5D TWE, 0%
TNy NEA B B T2 IR ZE R O B — LA fiT

NEDLY, E—AfHNEEREHNTED D
Transient Beam Loading B @Ml & T 5,
E—AAHOEITIZFIES I 2 b—2 g UiER L
HoTVBHMN, MLAVEEHTETCEYIaL—v 3
v EBR S TRV, L IZLERD b L A »SeHEE T
E— AR AL 2B Lz, B KE T A EE &
v — MMM E ANy NESORBSE L TR, B—
SACARTE, JCEED 5403 B ECTRAEIZEML 72
%, FHEEZRTI40N 7 v ML TY vy 73 5,
FOBEMANTEML TWD, MHEOZ(LEIL, (b)
DFHFNRREV, ZHIX@OD)EBLFALT E—LEBKRTH
08, (b)YDFNEEZ Ny MBS KENTZHTH
%, BEEARP > D LEEAHEEMEZY I 21—
TalfERE BT ENY LA R TOAK
NFAEALZHFATH Z ENTERY, ZORT v
TISEW I EA LI, BEOLMEFM Y =—2
BB LD EHENIL T35, Wiz, KEHHO
AL IZ Y ST BIEA L AT TR ESIELHE
WEIRLTWD, 77 7EBIENA 7 OHE, KTFHL
BEIXS0umLANIZINE > TWB DI L, 77 7%
J£ % A N2 % LK J5 adhaE 2L 2 EIS %t L
TEfbT 20083 bnbd, TOEREITE L2
33um/deg, Z ATV T 7 X v 7 EIERIE ONARIC %
LE—ANARNTND E, 7T 7%y 7 BT R
BCIHERHIZRD ., v 7 JOFESDBNFEHLO
BIEENEZED T TH 5, UL OWEM & &
BEIXIZIEAE > TV D,

(a) Crab off, 4-bucket spacing

E 3‘5 CTTTT TTTT L LI T T TTTT -37

£ 35 T .
=345 - L 38 3
] £ = g
S 34 - ' -39 2
g = E g
A 335 Eoe e o ———— 40 &
= ) ® oY %otee® oee®®0¢ - 3
= 3.3 E = -41 )
5 = 3 %)
8325 ¢ 2@
é 32 HJHHHHHHHHH\:_43

0 100 200 300 400 500 600
Bucket

T 35 (b) Crab on, 3-bucket spacing _ 34

E3ase | 35
E 34° (o S 36 &
2 335 g 37 5
£ 33 ¢ 538 B
=325 , -39 &
£ 32 & 140 &
] = E (6]
S315m D41
é 3_1*\\\\\\\\\\\\\\\\I\\\\\\\:_z

0 100 200 300 400 500 600

Bucket
X3 : BE AT OKEHFEAE (R) & E—A
fokl (k) O b LA CEEE TR, ()7 T 7%
WA 7, 47y NEW. (b)7 772 A, 323
oy MERE. S FERIEHERIZ1.ImA,

Fe 4 IZLERD b L A VARHHER T, AKFHLE L B —
APLAHD B 72 BB LTz, 2D LA VHEEE
Wi —2BERN/E Y FWEETHLH 5, K4

-647-



Proceedings of the 5th Annual Meeting of Particle Accelerator Society of Japan
and the 33rd Linear Accelerator Meeting in Japan (August 6-8, 2008, Higashihiroshima, Japan)

HAEME—AWUEZ N7 v hEBSORBEE LR
T, T ORENE CHRE T A OPIE SN 2B L, E
[ER AR VA =N %Eﬁbwalooﬂff v b E TIZ
6%NWm£ML ZOBIZIFIFE—TL72->TWV 5D,

aﬁ{/lu@mﬁﬁﬁ&.r#mb‘&\ EHENIELRE

’ﬁfﬂbdﬁ%b\ —J. NUF h LA UEEE T, B
FEBIZEIOVR—FZ fo v Fa—rnaiBicE{i+ s

ﬁ%#ﬁﬂéﬂfn Bl % 5< Z0#IEENM S
BIEOAREBBRTATHA Y, BTENEKS
ﬂéﬂ&fﬁ%#®#ﬁﬁ& ETEDONANAEL D

WCEE7ZLDEHEHEI LTS
0.2 T T T T T T 17T T 1T T T T T 1T T
g(nsai" | =
g Ol18e e atyy z
L e
B R L=
£ 0.12 F " th .
T 01 ¢ '-F#ﬂitqﬂg%ﬁ
£ 008 et At e o
> O 06 E L1 11 L 111 | \.\ 1 L1l P\ 1 11| \_
Y0 50 100 150 200 250 300
Bucket
X4 : 77 T7EBAEOEFERER LV A FE

@JOK«U(%TFE%%/\/?@ﬁﬁﬁﬁ@iﬁ%/\/f/
FNEESORBRME LTHIE, R33Ny NHR, &
WAy MEEOASF LA THIE, KA
VT EIIE0.5mA,

33 RIS > F DOIRENH E

= N E s = — IR —F fr
Fa—rOFEBHECHEDNLTWSE, 207 — |
Fa— T —TRHENFo2X 7T 572012
ARG NIVTF T A —D bT v ¥ 7 (Tracking
Generator) W IIME & LT /B D /3L AWE T30 A
EFHL WD, ZOMEFEFEMEE=F—0DT —
B & R s g nid, @y FofRihsy ¥ —
BIZE=H—FTHILENTEETHAH, K5IZ b
LA VY EEN T B KO F AN ERE ISR v 7 Lz
Bp, ZORENZ 2 HFTONET =& — THEL L 7=
ZaT, ZOX D ICHEE OEZDREE TN TF IR N
BHITEDZ L. ¥4 T I v 79 Rk 47
F 47 AEAICKHES LT B — AR WR ATREIC 72 A T
HAH9,

-0.4
-0.6
-0.8

-1
-1.2
-1.4
-1.6
-1.8

Center (2 82 1 12)

at Monitor2 (mm)

1 L1 ‘ L1 | L1 | 111
24 26 28 3 32 34
Horizontal Position at Monitor] (mm)

5 HAHNFEREGICKETBICKT Yy 7 LTE
B BXZ90° BN 2 IFTONEE=Z— %o
TZDOIREE % FoR,

Horizontal Position

[\®)
o [TTT

4. &

K3 & AT R LT T 7138 F R A
FIRETORETH D, ik, K5k, 1Z&
A EINTy MR TH D0, —BFT4A N > b RERE
WCEbosT2Baind 5, N FRIERED D% T
JK A R O [E #)L5E (250 — 60um O AL R B 7=,

DOEALBEN AN FERITITE A CIEIFE LN & H
5., BEHL, ZOETE—L2EEOE( TR L,
FEoH— VAT AR LIS —ThHDEHEL
TW5b, EEE, RZEmNLOE—AME 513K
CHzD Y U X T HFELRBPLENWT — /L Z5WWT
Wb, LER-ST, F— MK DHEITRIDO N T
EBDORBELZITHTH Y, HIWRLEE=
H =V AT AT, = OFICH Yy M4 7 A
L5GHzZFfF o2 — /"R T 4 V2 —%FFA LT L Z A,
EOV XU T HNSLTHZENRTER, TORK
B NUFHEEAEDLD L ZATO RN EO#E
Blob/hEL7eolz, X, WEXA IV T ENT Y
MEICEBEILANS, E—ABELZHE L, NV
FHV L TOEEIL, 337 v MERUL ETH

-
—

40dBTH -T2 M, E OEELIT N7~ NHERICIKTT
Lz, ELR57—b DT A Y Lb—3 3 Vb
HTHA I,

_ LER_080313

E 34 CTrTTT TTTT TTTT \\\\l\\\\ T TT] 03 <

g C ] g
=335 [ 1025 ¢

9 E .---- .. [ ) ] _

Rt - o® i v}

2 33" °e 102 g

[a W C | oo 2 ..-.“. : E

- E o mimpg ] o
£325 Lee® fe 20155
5322 | A | 1, B

S L1 L1l L1l I | L1l L1

£ 74700 4710 4720 4730 4740 4750 4760

Bucket Number

K6 : A rANOHDIHEIRTOKE (OR) KO
B (F) FhfuE, KENZAA 7y FEES 3 NS 4
N F SRN k35 e

SE 3k

[1] K. Akai et al., “Commissioning of KEKB”, Nucl. Instrum.
Methods Phys. Res., Sect. A 499, p.191 (2003).

[2] K. Oide et al., “Compensation of the crossing angle with
crab cavities at KEKB”, Proc. of PAC07, Albuquerque,
USA, p.27 (2007).

[3] K. Akai et al., “Bunch-by-bunch phase measurement”, Proc.
of PACO1, Chicago, USA, p.2432 (2001).

[4] T. Ieiri and T. Kawamoto, “A four-dimensional beam-
position monitor”, Nucl. Instrum. Methods Phys. Res., Sect.
A 440, p.330 (2000).

[5] T. Ieiri et al., “Measurements of wake effects due to
electron cloud at KEKB”, Proc. of ECLOUD’07, Daegu,
Korea, 152 (2007),
http://chep.knu.ac.kr/ecloud07/upload/ECloud07_Proc_v2.
pdf.

-648-



