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Design and operation of a 1500-m laser strainmeter installed at

an underground site in Kamioka, Japan
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Fig. 1 Location of the 1500-m laser strainmeter and other facilities at the Kamioka underground site. The Atotsugawa fault is located approximately
0.5 km from the strainmeter and is almost parallel. This figure is modified from a map released by the Geospatial Information Authority of Japan
(GS)
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3  Result and discussion
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Table 1 Configuration parameters of the 1500-m laser

strainmeter

Item

Coordinates

Altitude above sea level
Depth below the surface
Orientation

Baseline length

Diameter of vacuum pipes

Designed average pressure in vacuum pipes

Value

36°25'48'"N, 137°18/36''E
358 m

>200m

N60°E, horizontal

1500 m

400 mm

<0.01 Pa

Table 2 Optical parameters for the 1500-m laser strainme-

ter
Item Value
Laser (wavelength) Frequency-doubled Nd:YAG (532 nm)
Estimated frequency stability 3 x 107" (Allan variance estimation)
Beam diameter

Front 45 mm

End 32 mm
Retroreflector

Aperture diameter 380 mm

Flatness 0.2 um

Parallelism 2 yrad
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Fig. 2 Optical layout of the 1500-m laser strainmeter. Two retroreflectors, each housed in a chamber, and a beam splitter form a Michelson interfer-
ometer with a high-frequency-stabilized laser
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Fig. 3 Quadrature interferometer used in the 1500-m laser strainmeter (left). A quarter-wave plate inserted in the interferometer produces a 90°
phase shift between the horizontal and vertical polarizations. As a result, the intensities of the interference beams for both polarizations separated
by the polarizing beam splitter complementarily change as sine and cosine (bottom right). By normalizing the observed elliptic Lissajous curve (top
right) into a circular one, mirror motion can be determined from the phase angle
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Fig.4 Changes in the strain observed using the 1500-m laser
strainmeter (blue). The waveform nearly agrees with the theoretical
tides (green) but with a slightly smaller amplitude. The theoretical
tides downscaled by a factor of 13% (red) are consistent with the
topographic effects previously observed using the 100-m strainmeter
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Fig. 5 Background strain spectrum for the 1500-m laser strainmeter
(red) compared to those for other strainmeters: Pinon Flat Observa-
tory (PFO, black, Berger and Lovberg 1970; Berger and Levine 1974),
Baksan (pink, Buklerskii et al. 1995), Gran Sasso (gray, Crescentini and
Renzella 1991), Inuyama (green, Araya et al. 2001), and Black Forest
Observatory (BFO, orange, Ziirn et al. 2015), including the 100-m laser
strainmeter at Kamioka (blue, Araya et al. 2007). Detectable strain
levels in amplitude are shown as dash-dotted lines. The detection limit
for the 1500-m strainmeter is estimated as better than 1072 in the
2-20 mHz range and 10" in the 1 mHz-10 Hz range
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Fig. 6 Seismic waves associated with the Fukushima earthquake
(Mw 6.9) that occurred at 20:59:49 (UTC) on November 21, 2016
(expansion positive); the inset is a magnified view around the initial
motion. The peak-to-peak strain amplitude was 6.4 x 10~7. The
fringe signals were normally converted to strain without saturation or
discontinuity due to cycle slip
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4  Conclusion
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