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Abstract

We had installed and aligned 80 magnets and their girders which compose the ¢cERL recirculation loop by using a
laser tracker, T3 (API; Range of measurements, 20 m in radius; Absolute accuracy of a 3D coordinate, 5 ppm-20) and a
tilting level, N3 (Wild; 1 km double-run levelling, 0.2 mm-20), referring 40 surveying references on wall of the
accelerator room. Because of short and restricted construction schedule, the magnets were precisely aligned in their first
installation process with the accuracy of better than 0.1 mm and +0.1 mrad against their neighboring references. Then
the magnets were disassembled and reassembled for installing beam pipes into them. As the results, the magnets were
aligned with the position accuracies of around +0.5 mm, direction accuracies of better than +1 mrad, and level

accuracies of around £0.2 mrad.
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Figure 1. Standard deviations of the derived positions of reference points for five-times of repeat measurements by
using a laser tracker, T3. (a).Those for two directions of e-w and n-s on a horizontal plane. (b). Those for heights. e-w
axis is defined to be the north straight section of the loop, while n-s axis is defined to be perpendicular to the e-w axis,
and the cross point between the injector beam line and the loop is defined to be an origin. Blue rhombuses express
reference points. Red circles express centres of magnets, which form the loop. Error bars on each reference point
express standard deviations magnified to 10*-times.
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Figure 2. Height for each reference point. Blue thombuses express those obtained in Nov. 2012 when each reference
was installed, Red circles express those obtained in July 2013 before installing magnets, and green triangles express

those obtained in Sep. 2013 when magnets were installed.
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Figure 3. Positioning errors on a horizontal plane for existing instruments against the coordinate based on the reference
points on the wall. The horizontal axis expresses distance from the origin along the beam line, where minus expresses
the position on the injector beam line. Blue rhombuses stand for errors for the direction perpendicular to the beam
direction, while red circles stand for errors for the beam direction. “5Q” are for five magnets. “A101”, “A102”,
“A105”, and “A106” are for references on floor. “Inject ACC” and “Main ACC” are for reference points on their

vacuum jacket.
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Figure 4. Position errors after the precision alignment of magnets. Horizontal axis expresses distance from the origin
along the beam line for CCW direction, where minus expresses the position on the injector beam line. Blue
rhombuses stand for dx which express error for x direction (perpendicular to the beam direction in a horizontal plane),
green triangles stand for dy which express error for y direction (perpendicular to the beam direction in a vertical
plane), and red circles stand for dz which express the error for z direction (beam direction), respectively.
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Figure 5 (a). Position errors of the reassembled magnets. Horizontal axis expresses distance from the origin along the
beam line for CCW direction, where minus expresses the position on the injector beam line. Blue rhombuses stand
for dx which express the error for x direction (perpendicular to the beam direction in a horizontal plane), green
triangles stand for dy which express the error for y direction (perpendicular to the beam direction in a vertical plane),
and red circles stand for dz which express the error for z direction (beam direction), respectively. (b). Angle errors of
the reassembled magnets. Blue rhombuses stand for pitch which express the angle error around the x axis, green
triangles stand for yaw which express the angle error around y axis, and red circles stand for roll which express the

angle error around z axis, respectively.
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