Proceedings of the 15th Annual Meeting of Particle Accelerator Society of Japan
August 7-10, 2018, Nagaoka, Japan

PASJ2018 WEP132

SPring-8 JREBSHENC & V7 B MBI DI A 117 B3
AN ALIGNMENT ERROR ESTIMATION FOR THE SPRING-8 UPGRADE PLAN

22 e — N AR PEEE A MR AR D
Yuichi Okayasu*#), Hiroaki Kimura®, Sakuo Matsui®
AJapan Synchrotron Radiation Research Institute
BIRIKEN Harima branch

Abstract

Trends of accelerator components coordinates designed as the SPring-8 II configuration are calculated with ground
deformation growth rates. The rates are evaluated from measurements demonstrated for the existing SPring-8 configura-
tion since 1996. Alignment errors for all neighboring two magnet girders are estimated by a surveying network analysis
assuming to adopt a current measurement scheme and confirmed to be settled within a tolerance. A necessity of the

realignment is also discussed.
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Figure 1: Top view of a preliminary designed machine con-
figuration for the normal cell (upper) and its 3D model for
the normal half cell (lower). Any correction magnets ex-
cepted in these above figures.
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Table 1: Number of network measurement points and
working days. Numbers within brackets are actual mea-
surement points.
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SPring-8 11
# of network meas. points 3704 (691)
Working days 8 days / person

{R1Z SPring-8 I 12 1) % &f 691 sl DB A HEFE D 248 AL
A%z, LTFOIETRD =, £FIEUHIT, 1996 £ 1 H
725 2018 4 2 H O WIEIZ JII & X 1v7z SPring-8 D&t 271
RODPERE (A;(55)) IZ2WT,

AAZ(s;) =D (Ai(s;) — fi(s7))? (N
fi(sj) = a(s;)i+ b(s;) 2
AA2(s;) ZEBUNMZT 5 a(sj) RO b(s;) BRI UL, Z
ZTAET,y 2 11X1996 4 1 HZHAEL U - HIEFEM
L IR 1~ 271 OWELES, s; 13 1 VB RO
BHEFSE U#EHE LD j BHOD s BETH 5,
Iz (1), 2) XTR SN ZEAM A a(s;) 7> 5. SPring-
8 11 DAHET B B EAR (alsy), k = 1 ~ 691) %

a(sk) _ a(sj) — a(sj—l)(

s i 3
PO sk —sj—1) +a(si—1)  3)

LTI & bRz, BRI 1 2K
5E U 724D SPring-8 1T ¥ fEAZ % %3 EfE 2 L, M Z
5 17 4 DFEF 691 OB E B U7z, BArA N
[mm/year] D VHFMZ Fig. 2 1IZ7R7,

SPring-8 IT #4#3 A5 D 5 &, JEAN W 2 AE L 7= FI4E
EOF—X%HWT, BO&ED 2HRERALOHEXT
MR AT B, BUEEIEIZ. BALZEMSEAT DI A
RKEDVHFELZI—F 3] 2fHLEZ, Z03—Fik¥F
ORTHO R EFEDKEE & Bb s R O & D I % AN
L. BWAPNETINES2MOTTEZITLD,
ZRGT ORI EMFHE E T D . BRI IR E A O BLHIE
g E ENEFN L. X, WhHlREE A, BE2 V
e, BHIARER

V=AX-L o)

PASJ2018 WEP132

Displacement growth rate distribution

—X —y —z

0.15

0.1

0.05

Displacement growth rate [mm/year]

Cell number

Figure 2: Evaluated displacement growth rates for x, y and
z.
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Figure 3: Calculated half major (red) and minor (blue) axes
of relative error ellipses for the first accelerator compo-
nents alignment.
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Figure 4: Calculated relative error ellipses overlaid on ac-
celerator configuration at a normal cell (cell 13). Both
measurement and instrument points are also described.
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Figure 5: Measured SPring-8 accelerator component levels since 1996 overlaid on ground contour-line map and infras-
tructures. Radial direction of the contour ring represents passed year, i.e., inner of the ring starts from 1996 and outer

ends by 2018.

y
Figure 6: Evaluated SPring-8 II accelerator component
levels for 17 years overlaid on ground contour-line map
and infrastructures. Radial direction of the contour ring
represents passed year.
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Figure 7: Calculated coordinate residuals ARgpo of
neighboring two girders for designed ones. Upper is
AR¢Ego trends distribution for the entire storage ring and
lower 1is contour plots of the A Rg o projection.
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Figure 8: Trends of number of girders above |ARgEo]
thresholds.

NOHE DML L, HiR bR & i - BRET L Tw
5, FRIERBEIHREANITROBET I 14 A2 MEL 1
5 2 ARIC BB L e B IE AT B, 10 42 HiRIZ
ERDPIHTHREL 2B HIAATH 5,

ZE X

[1] K. Fukami et al., “Estimation of Magnet Alignment Ac-
curacy for SPring-8 Upgrade using Resonance-Frequency
Tracked Vibrating Wire”, Proc. International Workshop on
Accelerator Alignment (IWAA), Grenoble, October 3-7
(2016).

[2] C. Zhang et al., “An Eigenfrequency Wire Alignment Sys-
tem under Development for Magnet Fiducialization”, Proc.
International Workshop on Accelerator Alignment IWAA),
Grenoble, October 3-7 (2016).

[3] S.Matsui et al., “FHXT P72 3R M B KRR T 2 i OH &
MWEHE 71 25 L OB, Proc. 12th Annual Meeting of
PASJ, Tsuruga, Aug. 5-7 (2015), pp. 140-145.

[4] R. C. Smith and P. Cheeseman, “On the representation and
estimation of spatial uncertainty”, International Journal of
Robotics Research, Vol. 5, No. 4 (1986), pp. 56-68.

[5] T.J. M. Kennie and G. Petrie, Engineering Surveying Tech-
nology (CRC Press, London, 1993).

724 -





