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Abstract

A new remote-controllable sensing system for a laser-based alignment system is in development to measure slow
dynamic displacements of the tunnel floor in real time at the KEKB injector linac. Although the injector linac had
initially been aligned with a laser-based alignment system, we have found that, based on recent real-time observations,
the transverse displacements of the tunnel floor to the laser axis caused by dynamic ground motion are not negligibly
small compared with the required alignment tolerance, in terms of the straightness of the beam line. Based on linear
regression analyses performed using displacement data recorded during a nearly eight-month period, it was found that
the temporal evolution of the displacement data is in good agreement with the ATL law, in which the results show direct
experimental verification for complex ground motion. This report describes direct verification of the ATL law based on
the experimental results for the tunnel floor of the KEKB injector linac.
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Figure 1: Schematic layout of the KEKB injector linac and laser fiducials for two long straight sections. The abbreviation,
e.j., indicates an expansion joint between the building blocks of the linac. The two arrows (red) show the laser-based
fiducials for two long straight sections. The solid circles (blue) represent the remote-controllable QPDs and the open
circles (blue) represent the reference remote-controllable QPDs fixed at the tunnel floor.

Table 1: Summary table in the locations of the remote-
controllable QPDs and expansion joints (e.j.) along the in-
jector linac from the laser source

QPD .. L [m]
REFI1UA 1.74
C3D 44.31
11DA 106.11
11D 106.72
1814DA 177.04
1814D  178.39
21UA 180.17
28G6DA 259.07
28G6D  259.64
28REFUA 263.32
38DA 339.58
38G5U  341.60
48DA 419.08
48G5U  421.11
51UA 423.65
57G7U  498.01
584D 499.94
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Figure 2: Time traces of (a) the horizontal (z) and (b) ver-
tical (y) displacements of QPD28REFUA during the term
Jan.07-Aug.26.2016.
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Figure 3: Variations in (a) the z and (b) y AICs calculated
for QPD28REFUA as a function of the order m in a linear-
regression analysis.
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Figure 4: Distribution plots of (a) the x and (b) y square
residuals based on the linear-regression analysis in the time
traces of the displacements of QPD28REFUA. The solid
lines are Gaussian-function fits of the data.
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Table 2: Proportional constants (AL, rms) of the ATL law

obtained for QPD28REFUA
QPD A,L/103
28REFUA  0.46 £+ 0.06
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Figure 9: Loglog plots of (a) the x and (b) y square resid-
uals in the time traces of the displacements of QPD21UA.
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