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Abstract

Survey techniques for SPring-8 accelerator components have been modified and improved through three phases
since 1996 in terms of measurement methods, instruments and analysis. Standard deviations of both radial and azimuth
coordinates for entire quadrupole magnets in the storage ring are compared and found to be improved by 40% for radial
and 60% for azimuth coordinates comparing to initial stage.
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Figure 1: Bird’s eye view of SPring-8/SACLA accelerator
facilities (upper) and schematic side view of accelerator
components for a normal one cell in the storage ring tunnel
(lower).
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Figure 2: Schematics of network survey in SPring-8 stor-
age ring during Phase I/II. “SP”, “MO”, “ID” and “BM”
represent station points, reference monuments mounted on
the accelerator tunnel wall, insertion devices and bending
magnets, respectivelly.
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Figure 3: Leica SMAR’i’3 10 laser tracker.

Table 1: Specifications for Leica SMART310

0.7” (3.4 prad)
1.26 pym
+5 ppm

Angle resolution

Distance resolution

Repeatability of coordinate

Accuracy of a coordinate
static / moving +10/ %20 - 50 ppm

Max. radial distance ~25m
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Figure 4: Quadrupole magnets coordinates; radial (a :
Phase I, b : Phase II) and azimuth (c : Phase I, d : Phase
II) direction components distributions along electron beam
orbit. Original ground level is also overlaid.
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Horizontal measurements (Phase III)

Figure 5: Schematics of network survey in SPring-8 stor-
age ring in Phase III. “SP” and “MO” represent station
points and reference monuments mounted on the accelera-
tor tunnel wall.

Figure 6: Horizontal coordinate measurements with Leica
AT402 laser tracker.

Table 2: Specifications for Leica AT402

Angle measurements

Resolution 0.07” (0.3 prad)
Accuracy +15 pm + 6 pm/m
Repeatability +7.5 pm + 3 pm/m
Distance measurements

Resolution 0.1 um
Accuracy +10 ym
Repeatability +5 pm

Max. radial distance ~80 m

¥z, V=Y —brIvh—D2y b7 —2ZHEIZH
Z. Trimble 85 ¥ Z )L L ~R)L DiNi03 12 & 0, %t
HEZEA B O B ICERE X 72 MR EEREAT D K HER]
EHUFT LU THEM L. New River Kinematics # Spatial
Analyzer A\ 723 v b T — I ClE, KT — X
HARMIF-HR/N_FiEEZE A LT, Phase Il THS
NI VIR D dr O ds DY)V LS 4 % Figure 7
2R, Phase UIT L [AlkE, WENho 7T 7 £ 5F¥fE% A4
Ty b UTELIWEEDTH S, dr. ds DV
NIZoWTH, JIEEEDIXSDEIIIPEHEL, HHDOH
M REEWIZHNEL TWD Z E DR TE %, Phase

-773 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

PASJ2017 TUP143

VI EED, 2w b= ITZE T 2B E /N
TRIEDT 4 v T4 UITEWT, KUEE 2 OHH % B
T OERENEERIRES Nz, 2014 F£ICHIE
U7z 7 2 VEHED dr DSMOE X D $ 200 pm FEE 2
DH5DIE, Y REMBIZIR AR Z 8 2 72 E
®BT, WEELRZE7-dTHD, £72, 2016 F£I2H
\7% 10, 19 ®IVIEFED dr 3, OFEIZ AT 200 pm
FRERLLFERAIZOWTIE, BHEFAETTH S,

—2014.9 —2015.8 —2016.2 —2017.1 —Org. altitude —Banked
3.0 350

Original altitude
2.0
300
Banked

1.0

A\
0.0 4

dr [mm]
Altitude [m]

-1.0

-2.0

-3.0 100
o 5 10 15 20 25 30 35 40 45 50
Cell #

—2014.9 —2015.8 -—2016.2 —2017.1 —Org. altitude —Banked
3.0 350

Original altitude
2.0
300

1.0
250

ds [mm]
o
o
—
2
Altitude [m]

200
-1.0

-2.0

-3.0 100
o = 10 15 20 25 30 35 40 45 50
Cell #

Figure 7: Quadrupole magnets coordinates; radial (up-
per) and azimuth (lower) direction components distribu-
tions along electron beam orbit for Phase III.
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Figure 8: Quadrupole magnet level and original ground
level.
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Figure 9: Standard deviation of quadrupole magnets coor-
dinates; radial (upper) and azimuth (lower) direction com-
ponents distributions along electron beam orbit.

Table 3: Standard deviation of evaluated quadrupole mag-
net coordinates (r, s) for three measurement phases.

Phase o4 [um]  o4s [um]
1 243 145
I 194 252
111 147 62
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Figure 10: Evaluated circumference comparison. Circum-
ference derived via survey is subtracted by one calculated
with RF acceleration frequency (upper). Lower represents
displacements of measured (2017) and designed coordi-
nates.
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