KAGRA 23rd F2F meeting 2019.8 @ T oyama

A cryogenic torsion-bar antenna (T'OBA) as a local gravity gradient sensor
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Abstract

TOBA (TOrsion-Bar Antenna) is a low-frequency gravity gradiometer using a torsion pendulum. Its low torsional resonant frequency (few mHz) enables
the suspended bar to behave as a free mass at low frequencies, hence the bar can respond to fluctuation of local gravity gradient around 0.1 Hz. Such a
detector can be used as a local gravitational field sensor to measure Newtonian noise and to detect early warning signals from earthquakes. 35 cm scale

TOBA is currently under development for such purposes. One of the key feature is a cryogenic system to reduce the thermal noise of the pendulum.
Here we report on the performance of the cryogenic system and on the investigations of relevant environmental noises.

1. TOBA and gravity gradient measurement -3. Cooling test

= low-frequency gravity gradiometer using a torsion pendulum -3 Cooling test using a simplified double-stage pendulum was performed to
check if the designed cryogenic system works correctly.
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The pendulum was successfully cooled to ~4.8 K in line with the expected cooling curve
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Excess of vibration due to the cryocooler will not be a problem in TOBA

Astrophysical targets with ~10 m TOBA
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* Transfer functions are very large at
cryogenic temperatures
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6. Conclusion

4K shield

vacuum chamber The performance of the cryogenic torsion pendulum was investigated. The cryogenic
system worked as expected and the pendulum was successtully cooled to ~4.8 K

without increasing the vibration of the cryostat significantly. This is an important

technical milestone of TOBA for the observation of low-frequency gravity gradient
fluctuation. However, coupling to magnetic field fluctuation became very large at
cryogenic temperatures. From the temperature dependence, it is suggested that the
coupling is related to the electrical conductivity, but the mechanism is unclear.

Further investigations like changing the material of the bar remain as future tasks to
identity the origin of magnetic coupling at cryogenic temperatures.

Copper mass with 6N aluminum
oxidized surface (high thermal conductivity)

(high emissivity ~ 0.6)

WES with HG;j-mode resonant cavity
- amplify angular signal (HG;j,-mode)
by the cavity to suppress sensing noise
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= effective cooling to minimize vibration
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