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Abstract

The initial alignment of all the accelerator girder units was successfully finished on the basis of the high-precision laser-
based alignment system in this March 2015 at the KEKB injector linac. Based on the initial alignment, the transverse
displacements of the girder units were well aligned along an ideal fiducial laser axis. It is, however, troublesome to
measure all the displacements of the girder units with a photo-sensor due to the manual operation scheme. This is a
reason why we developed a remote-controlled measurement system for the girder units because more information on their
dynamical motion owing to complex ground motion may be obtained, which is frequently described with a characteristic
fractal law with the displacement variance (dz2) scaling with time T and space L intervals as (dz2) = AT LY with both
exponents close to 1 (o ~ v ~ 1). The obtained data over a half year during January to July 2015 on the dynamical
motion of the girder units (or tunnel floor level) were analyzed on the basis of the ATL law with the use of a standard
regression analysis, and then, the validity of the initial alignment will be discussed in detail.
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Figure 1: Schematic layout of the KEK injector linac and two independent laser fiducial lines shown as red arrows for the
AB and CS5 straight sections in the laser-based alignment system. The solid circles are shown as two remote-controlled

QPDs installed at the 2nd beam switchyard.
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Figure 2: Remote-controlled QPDs installed at the 2nd SY.
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Figure 3: Time traces in the x and y displacements of the
laser axis ((a) and (b)), and (c) the intensity at the final QPD
with a feedback control on during 5/Jan.—5/July/2015.
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Figure 4: Time traces in the horizontal and vertical
displacements of the upstream ((a) and (b)) and down-
stream ((c) and (d)) remote-controlled QPDs during 5/Jan.—
5/July/2015.
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Table 1: Diffusion Coefficients A at the Linac Tunnel

Horizontal Vertical
QPD  ¥? A, X2 A, units
R 039 1941 23 110+5 [nm*/m/s]
T 045 65403 047 5743  [nm%/m/s]
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Table 2: Summary of the Fluctuational Amplitudes of the
Tunnel Floor

QPD28G6DA  QPD28REFUA
EERST Az Ay Ax Ay units
XN 0.57 1.1 0.63 0.80 [mm]
JE BRI 0.65 064 0.69 0.50 [mm]
ATL HI 038 091 023 066 [mm]
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Figure 5: Fourier analysis results in the x (a) and y (b)
displacements of the upstream remote-controlled QPD.
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Table 3: Frequency Characteristics of the Dynamical Fluc-
tuation of the Tunnel Floor

QPD  Horizontal P(f)  Vertical P(f)

J_:illth 6.9 X10_21/f2 34 X10_22/f2

W 3.9 x107%1/f2 1.4 x107%0/f?
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