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Laser strainmeter (Vali et al., 1965)
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Construction of a 1500-m laser strainmeter in the KAGRA tunnel
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KAGRA baselines and fault locations
(Cosmic Ray Research Institute, Univ. of Tokyo)
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Optical configuration of GIF-X
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|, stabilized laser

Locked to iodine Doppler-free
absorption (532nm)
Stability of ~10-1°
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Beam splitters and retroreflectors
(nominal aperture diameter: 15inch=38cm)

Optics in front tank Retroreflector in end tank
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Input optics (left) and interferometer fringe (right).

Freqg-Stabilized Laser m

G i

RF

11



Quadrature Interferometer (no feedback to mirrors)
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Earth tides --- ~3x10-8 in strain

Observed amplitude --- 0.87 of theoretical calc.
Earth tides are reduced by topographic effect
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Observed Earth tides (left) and Topographic effects of underground site

3D Finite Element Model {243 Elements)

[1x1078)
4 . T : | — Poisson's ratio
F 4 i ) Eservalo a=0.283
F ) i Takahara-Riyef—4 e '
t  Calculated tides Kamioka 1500 m 7 =ISPm Young's modulus
3F E = 64GPa
Calculated x 0.87  (Observed)

Strain

T11=0.845

Eng = ngulﬁws + l]ﬂl]ﬁew. + G.DGQ'EHS_]EW
epw = —0.011ens + 0.845epw + 0.025ens_pw

Reduction of tidal amplitude due to

15 | 16 | 1|? | 1§B
topography, 80-90% (Takemoto, 2006)

Measurement date (September, 2016)

15



Strain spectra
Lowest background,
especially at around
(1-10) mHz

Capable of detecting
pico-strain level.

Araya et al., EPS, 2017.
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Strain spectra
Lowest background,
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Barometric response

Strain in 104 — 10-3 -Hz region is highly

Barometric admittance

dependent on the air pressure.

~0.55x109/hPa Air-pressure relative difference between

cf. 0.49x10°/hPa (Zirn, 2015)
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Barometric response
- Barometric correction reduces strain background to ~1/3 in the
104 — 103 -Hz region.

- The limited reduction suggests response of ground to regional air
pressure (not the response of instruments to the local air pressure).

T. Akutsu et al., PTEP, 2021
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Long-term strains (June.- Sep. 2017)

-Averaged for every 10 min.

-Theoretical tides were
calculated and removed

Response to rain fall
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Long-term strains (Dec. 2016 — Feb. 2019)
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Long-term strains (Dec. 2016 — Feb. 2019)

Regional ground strain around KAGRA

site measured by GNSS
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Long-term strains (Dec. 2016 — Feb. 2019)

Rainfall response
~5x10-8 /100-mm rainfall

Snow load response
~3x10-8/1-m snow depth

roughly consistent
with GNSS estimates:
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Feedforward control of arm length of KAGRA
using the strainmeter signal.
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Feedforward control of arm length of KAGRA

using the strainmeter signal.
T. Akutsu et al., PTEP, 2021
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Conclusions

1. A 1500-m laser strainmeter in KAGRA has been in operation
since 2016 and observed various ground strains at low
frequencies.

2. Regional air pressures seem to affect ground strains in the
millihertz band.

3. Temporal responses of ground strain to rainfall (contraction)
and snow load (extension) was observed in Kamioka. Tectonic
trends and seasonal changes are roughly consistent with
estimates from GNSS.

4. Feedforward control of arm length of KAGRA using the
strainmeter signal shows reduction of arm length change due to
tides and microseisms.
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