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Abstract

In order to measure emittances and twiss parameters four six-electrode beam position monitors were installed at the
end of SPring-8 linear accelerator. A method for emittance measurement was to measure second-order relative moments
changing magnetic field strengths of four quadrupole magnets, then to deduce initial emittances and twiss parameters at
the calculation start point. An entire calibration including effects up to fifth-order moments was successfully carried out
for precise measurement. An effect of a moment to a signal difference is expressed by an effective aperture radius.
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Figure 1: Schematic layout of equipments for beam experiments.
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Figure 2: Cross-section of six-electrode BPM and mapping
points (denoted by red filled circle) at BPM_LS_1 in the
entire calibration.

FEIT AT\ GBI RC,SmP,Qn (Table 1
ZR) OWETEZ bN%, FEBEROER HEE
2013 FEDFE N LRI U TH B,

Table 1: Effective Aperture Radii R¢, gy, p,Qn [mm]

Rcip1 18.688 Rgsipa 23.155  Rcopsa  18.029
Rcip2  23.155  Rsigs 16.570  Rs2q2 17.594
Rcips o0 Rsipa 19.953 Rgopz  23.155
Rcipa 19953 Rsigs 19.531 Rgoga 17.392
Rcips  17.499  Reapo 18.906 Rs3gs 16.570
Rsig1 32368 Reaopar  32.746
2P, 2P 4P2 2P,
Cr =~ 1<122+42+44>
Reapy RClP2 RClP2 RClP4
n 2P3 2P5
R?élP?, R%1P57
2 2P 4pP2 2P,
g 2 (122 42+44>
RSlQl RS1P2 R51P2 RSlP4
L 2Q3 . 2Qs &
3 5 )
RSlQS RSle
2P 2P 2P,
02 z272 (1 + > 2 ) _ . 4 7
Réopo Réopa Reopy
2 2P 2
52%R2Q2 (1_ = 2 >+ R4Q4 7
52Q2 S2P2 52Q4
2
snggQ?’ |
S3Q3

CCTC. Re,smpon I n X E—A2 b P, £721%

Qn MEEETLAD Cp T2 S,y NG2BEF 52K,
Re,smp,on WNEWVIE EFEIZRKZV, FENIE BPM
ORI Z R 9% &, ERFCEEREHIOERE L
FRECHZHANEL. HDO R < Resmpon il
729,

Py MO Qu & JTHIERER D EE be, ay, SO
1 Ba, agr ZHWT—INCLL T ORRICEE NS,

Py=> nCiby "aly cos {(n — k)Ba + koge}
kzO (3)
Qn =Y nCibg *agy,sin{(n — k)Bc + kag},

S
I

0

CCT7T an Ci:IEE%(\ Qg1 =0 T%%o bG &U‘ ﬂG
=
Py =bg cos B, Q1 = bg sin fg, 4)

MERENBHTH Y. ag, KT ag, 1 k TAAHE—
AUE Py, Qo MB1F5N S B,

— 4N . n :
Py, = agy, cos kagy, Qgi = agy, sinkagy,. 5)

Z OMEWNE/SEM BPM O5E . HIERTRER T— X

Y ME P, Q1 Py, Qoo KU Quzs DHDTH B, TD
728 Eq. 3) WORETIHIESNAWVE (B ZHE R
75 UTCHIBR - #8192 L LU FOMICE S (n £5)

Py =pg1, Q1 = g1,

Py =pga + Py2, Q2 = qa2 + Qg2,

P3 =pgs + SbGafﬂ COS(,BG + 2(192),

Q3 =qa3 + 3bGa§2 sin(Ba + 2a42) + Qg3,

Py =pay + Gbéagz cos(2Ba + 2a42),

Q4 =qaa + 6bGaz, sin(2Bc + 20g2),

Ps =pgs + 10()3Ga!2]2 cos(38a + 2a42),

Qs =qas + 10bE a2, sin(3Ba + 2ay2).

T T T pan KU qan & n RELE—RAV N TH B,

(6)

Pan = b cosnfa, qan = b sinnfa. @)
3. 2RI
2012 FENEPRFESES (PASI9) ICAWT, EELIX

RRBIEOBERZF L LT B, SREdkEa =X
FRE—X Y FIEICR W TREARIRTH %o

-63 -



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

PASJ2014-SAOM04

ERBIEIEERE— L2 U TSERT v > 3)LE O
MR E ONT > R) (F572 R 2 TN TFETH %,
FNEEM BPM OE_FIRIC AT 7 V7 ERA (ST) W
NIZREBIEREITHES,

JREEHAI T, STIRE—LNEEZLETE2E DD,
V—LIEREZEEERVHEEZRFHLIEZEDTH S,
Y — LIBIRDZE L LU, Eq. (6) HOFIHRE— X
> ]‘ ng, Qgg &U Qg3 Li#ﬁ1@}:7§:50 ﬁk‘_“ﬁﬁg(‘:
5T, BEMTF v > 3OV OMSHRERED AR
WY e ENBD, HME—X Y M —EliE 5% XS
IR SRR T R S N B,

BU., Qg3 lcBIL TE—EMEE WS SRMFDOMIC, Qg3
MO LLIF0ITENE = DR ETH Tz, TN
. HEEERTRREC Qs ICBUEMZRTIRED D 5 72 7e
BTHD, HE—LTI Qs = 0 TS, HIROMZE
Fiokw, HEfEETEMEE ORICALAVEL S, TOXL
ZAREIRIR D /NE LT B1Tid. FBRIC Qg Z/INELT
BN L. E—LBIREME. fHtE. BHEIC
I5h, HLLRBE—=LY A XENELTENTH S,

ITC. TTTEBIITODNIZ2EKREDOH] (FE A
FL—>3Y) ZRY, Figure l ICRBNZ XS A
AT A—=REEESHIC QM U (EFih D QMLS_1,
QM.LS2, QMLS_10 XU QM_LS_11) B {FEfET %,
2013 FEEHICIZZ DOIUHEO QM Z2# L /&M BPM
i (B 5 BPMLS_1, BPM_LS_8, BPM_LS 2 Nz UF
BPM_LS.9) %&k %LKO§BWA®%WQE@§QM
FiRM T — 7 5m K 05 70 mm _BRTH B,

BPM_LS_1 D _Efici&la—IRD ST A4 (ST_LS-1
K&USTLS2) b, T ST Z=ZNF TN g
I35 EICED, % BPM NDE—LNEZLZIFIEF
Clc U7z, Figure 2 (&R /&M BPM OFZIKE ST
B FRAEZ LIS RS D BPM_LS_1 ICiA) % ¥ — L
&, bbby ¥y TRz R LT\ %, Figure3 3%
DFED ST FIEERIETH %, QM PUE DI E R
OA ‘(‘\36 D TCO

—ST LS 1 H
—ST LS 2H
2 —ST LS 1V
—ST LS 2V
=
1
o
o
f=4
&
=0
=
(=
4% »
53
S
w
4 -2
(=}
o
[=4
L -3
=
p=l
o

-4 |
2014/5/25 15:28:00 2014/5/25 15:32:30 2014/5/25 15:37:00

Date-Time

Figure 3: Currents of STs in the entire calibration.
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Figure 10: @3 at BPM_LS_1 in the entire calibration.
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Table 2: Measured Relative Attenuation Factors [dB]

Chl Ch2 Ch3 Ch4 Ch5 Cho

BPM_LS_.1 000 233 027 -059 085 -0.72
BPMLS®8 000 057 057 005 -012 031
BPMLS2 000 150 073 029 208 0.54
BPMLS9 000 0.15 0.19 086 067 0.17
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Figure 12: Current of QMs in the Q-scan.
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Table 3: Deduced Emittances and Twiss Parameters

Parameter Horizontal Vertical

¢ [fmm - mrad] 0.168 £0.002 0.299 £ 0.001
B [m] 14.7+0.1 5.7+0.2

« 2.25 +0.04 0.50 +0.03
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Figure 17: o and P,y; Ispr = (-90, 65, -10, 10) [A].
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