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Abstract

Six-electrode beam position monitors (BPMs) are used for a measurement of second-order relative moment in the
SPring-8 linac. A correction with up to fifth-order moments was adopted for more precise measurement. To execute the
calculation we employed a multivariable recursive calculation that is an algorithm of successive iteration in the specified
region of interest. The region was that a distance of beam centroid from the origin was within 5 mm, an amplitudes
of a second-order relative moment was within 25 mm? and an amplitudes of a third-order relative moment was within
50 mm?>. A simulation result shows that the recursive calculations converged for all (531,441) set points in the region
and that a calculation error was smaller than that of calculation without correction.
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Py =pga + Pya, Q2 = qa2 + Qg2,
P3 =pg3 + 3pa1Pg2 — 3qc1Qqg2 + Py3,
Q3 =qa3 + 3961 P2 + 3pc1Qg2 + Qgs,
Py =pga + 6paa Py — 6ga2Q g2
+4pc1Py3 — 4961Q¢3 + FPya,
Q1 =qca + 69c2Pg2 + 6pa2Q g2 (1)
+ 4961 Py3 + 4pc1Qgs + Qgas
P5 =pgs + 10pg3 Py2 — 10ga3Qg2 + 10pa2 Pys
— 10ga2Qg3 + 5pc1Pya — 591 Qga + Pys,
Qs =qas + 10qa3FPy2 + 10pg3Q g2 + 10ga2Py3
+ 10pG2Qg3 + 59a1Pga + 5pc1Qga + Qgs.
pc1 =P1, g1 = @1,
pa2 =P} — @3, qc2 = 2P1Q,
pas =P —3P1Q3, qas = 3PPQ1 — QF,
paa =Pi —6P{QT + Q4 )
qea =4P} Q1 — 4P1Q3,
pas =P7 — 10P}QF +5PQ7,
qas =5PQ1 — 10PPQ3 + QF,
Equation (1) (ZfA\>T, SPring-8 FRAIIH#R /< B ik
BPM D513 Pys, Pya, Qgas Pys, Qg DSHIEHE T,

RIZE—=LBFETREZRi> 72 L THHEE B
ERMT, Thbb,
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Figure 1: Cross-sectional view of the six-electrode BPM
with circular cross-section for the SPring-8 linac.
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Table 1: Effective Aperture Radii (fandamental) [mm]

Rceipi 18.688 Rsig1 32.368
Rcop2  18.906 Rsag2 17.594  Rsszgs  16.570
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Table 2: Effective Aperture Radii (3rd-order) [mm]

23.155 23.155 16.570
32.746 23.155
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Table 3: Effective Aperture Radii (5th-order) [mm]

Rcipaa 19953  Rcipse 17499  Rsipaq  19.953
Rsigsu 19.531  Rcopaa 23728  Rcopsw  18.029
Rsapaa  19.953  Rsogaw  17.392
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Figure 2: Convergence diagram of the successive iteration
in the case of x = cos x.
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Figure 3: Algorithm of recursive calculation for obtaining five moments.
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Figure 4: Configuration of charge and mirror charge in a © £
metal duct with circular cross-section (two-dimensional). o - -30 3,
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)\Pgs < upto 3rd-order > upto 51h-order .
6‘0 . 1 ﬂ:)g% -4 | | | -40
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® AP;5 Figure 6: Recursive calculation process: an example, of
3 1, Q1, Pyo an 2. Set moments are P, = @, =
o —q_6'0.1 P, Py d Qg2. Set t P,
0.1mm —3 [mm], Pys = Qg2 = —15 [mm?] and Py3 = Qg3 =
3
0.1mm =30 [mm?].

Figure 5: An electric sextupole represents a third-order rel-
ative moment Pgy3. The figure shows the case of P, = 0,
@1 = 0 and the two-dimensional point charge \.

3.6 RO H

FERRIZ RYFIVEIEL DR L T L B2 25510 &
L T Fig. 6 \27”§, Figure 6 13 € — LADFOE— X~ |k
ELT. P =@ =-3mm], Py = Qg2 = —15 [mm?
))—ZU{\ ng = Qgg = -30 [mmﬂ k L?‘:f}%é}“&&) 60

A7 L —3 a0 BHIZRERRD A O GHER
Eq. (6) TR ONHDTH S, D 0ImHZYIHME
EL, “RETOMMIEZRITIFHEA Eq (7) ZHH L
T20MH £ TEHAEZ1TH . &B2IC, 20 [MIH 2 g1l
EL, EREFTOMIEZRTTIRIERX Eq. 8) ZHAH L
T4 RHFCHEZITIDTH S, Foiftizs
orH—20mH—40 MHDIETHL L, AT DED
ThHo7,

Pyt —3.13 > —2.90 — —3.01 [mm],
Q1 —1.86 — —3.04 = —3.07 [mm],
Pyt —24.97 = —18.47 = —16.24 [mm?],
Qg2 * —11.62 > —17.67 — —13.84 [mm?],
Qg3 * —14.36 > —88.10 = —34.26 [mm?].

HARARD AT FHHTIZ, HFE— X v PR
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L—a vy CIRIZINRT %,
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SR FH O 7 B BRI IR L I,
TRV RO HEAED & BEME % 2 L i » o220 1%
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L0%ELD,
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10 mm3 & L7z, - TaldTmigd 531,441 s &
ol

Figure 7 1% Q, Di%EMH & FIEMEOMBEKTH %, X
W2 LW 2D, FEARRD AR 72 R TIR AR
L HIAZIEQr =08y FENLELTH, £3mm
EHEINZEALH DI EEZRLT0ES,

SHEEDOBEMED & DAy GIREERE) % A 2
JTRL, AP LTS, ZNoZ2EE M TERL
7DD, Fig. 8 K9 TH 5%, HOEDITARE— A v

- 597 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

PASJ2016 MOP081

8 T
« fundamental
= 3rd-order
_ + 5th-order
€ 4
£
o
- 0
2
2 |
>
g0 |
© -4
(&} | I
-8
-8 -4 0 4
Set Q1 [mm]

Figure 7: Correlation plot of set (); and calculated Q.
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Figure 8: Frequency distribution of AP; and AQ; which
are differences of calculated Py, ()1 and set Py, Q1 in the
region defined by Eq. (10).
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Figure 9: Frequency distribution of A Pys and AQ) 42 which
are differences of calculated P2, Q42 and set Pya, Qg2 in
the region defined by Eq. (10).

Table 4: Standard Deviations of Frequency Distributions

AP AQ APg2 AQ92 AQ93
mm] [mm] [mm?] [mm’] [mm’]
fundamental 0.15 0.91 8.28 4.25 91.14
3rd-order 0.09 0.10 3.28 3.25  49.82
Sth-order 0.04 0.04 0.95 0.95 2.25

AV FERARKImm? DT, ZD 10%HE DM
22 (0.9 mm?2) Iz 5%0I1clE, ARE—AV M F
TOMIERKELDZ Ebhr 5,
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. HRE— AV FETOMIERTHI TS0, H
JREFETEO 7L Y XL TE 5 2 L
720 SBIE, COTNLTY XL RFIH (F— L) >
AT LKA R, FEEADE %179 TETH 3,
FEECOA T, Il 2 1XME 5 WU #1222 AR K
DFRLETL2HELEINEGS, ZORE, |Py| BKE
BRI LD, FE— XV FEERINEL &
=033 b s, BERFOFUED &, T~
DS BOBETH A I,
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