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Abstract

New remote-controllable sensing system in a laser-based alignment system are in progress to measure slow displace-
ments of the tunnel floor in real time due to dynamic ground motion at the KEKB injector linac. Two remote-controllable
quadrant photodiodes (QPDs) were installed at the middle location of the 500-m-long straight section in summer shut-
down of 2014, and other seven QPDs were further installed in summer shutdown of 2015 just near plural locations
of expansion joints along the linac tunnel. The real time measurement has pursued to take data during nearly a half
year since 7 January 2016. Based on recent observations on the displacement data, we have found that the transverse
displacement amplitudes of the floor level to the beam axis are not negligibly small in comparison with those in the
required alignment in terms of straightness of the beam line. Based on the preliminary analysis, the growth rates of the
displacements in the transverse directions (displacement vector) over the whole length of the tunnel floor were derived,
and especially, the cross-correlations between the displacement vectors depending on the locations were analyzed. In
this report, the experimental results and present status are described in detail in the laser-based alignment system with

new remote-controllable QPDs.
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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. Some measurement re-
sults, the maximum norm (r,,) of the displacement vector
and the maximum slope (s,) in the variations in the time
traces of the norm, are also summarized depending on the
QPD locations.

QPD e.j. L Tm, Sy
[m] [mm] [pm/day]
REF1UA 1.74 0.19 3.3
C3D 44.31 — —
11DA 106.11  0.55 5.5
11D 106.72 — —
1814DA 177.04  0.65 5.1
1814D  178.39 — —
21UA 180.17 0.47 4.2
28G6DA 259.07 0.65 6.6
28G6D  259.64 — —
28REFUA 26332  0.44 4.1
38DA 339.58 0.68 4.1
38G5U  341.60 — —
48DA 419.08 0.88 4.6
48G5U 421.11 — —
51UA 423.65 0.84 5.1
57G7U  498.01 — —
584D 499.94 — —
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Figure 2: Time traces of (a) the norm and (b) the angle in the displacement vector measurements of the accelerator units
with remote-controllable QPDs installed along the C5 straight section during the term Jan.07-July.17.2016. It should be
noted that the angle of the displacement vector is defined in the range of 0 to 27 rad.
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Figure 3: Time traces of the cross-correlation function in the displacement vector measurements of the accelera-
tor units along the C5 straight section during the term Jan.07-July.17.2016. Here, the reference QPD is defined by
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Figure 4: Intensity distributions in the cross-correlation function between all the QPDs in the displacement vector mea-
surements of the accelerator units along the C5 straight section obtained at (a) Feb.15.2016, 0:00 am and (b) Feb.27.2016,
8:00 am. It should be noted that any correlation functions on a straight line tilted at 45 degree passing through the axis
origin are defined as a self-correlation function, that is, }?0=1.
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