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Torsion-bar antenna (TOBA) is a ground-based gravity gradiometer proposed for measurement of gravity gradient fluctuations such as 
gravitational waves and gravity gradient noise. TOBA consists of two perpendicular torsion pendulum, and the low mechanical resonant 
frequency of torsion pendulums enables us to measure gravity gradient of frequencies around 0.1 Hz. TOBA aims to achieve the 
sensitivity 10-19 / √Hz at 0.1 Hz. For the final sensitivity goal we are developing a prototype Phase-III TOBA in order to investigate technical 
issues and establish noise reduction scheme. One of the key topic of Phase-III TOBA is cryogenic suspension system for the reduction of 
the thermal noise. Another key point is the readout system with monolithic interferometer. We will show the current situation of the 
developments and future upgrade plans for further improvement. 

TOBA = “TOrsion-Bar Antenna” [1] 

• GW detector using (a) torsion pendulum(s)

• Low resonant frequency (~ mHz)

- Target range: 0.1Hz ~ 10 Hz


• Ground-based 

- Inexpensive, Easy to maintenance


• Our goal: 10-19/√Hz @ 0.1 Hz 

R&D Plan

1. Introduction

The Current Status of  
TOrsion-Bar Antenna (TOBA) Experiment

2. Phase-III TOBA
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5. Summary & Future Plan
• We are developing TOBA to detect gravity gradient below 0.1 Hz

• Target is IMBH mergers, GWSB, newtonian noise, earthquakes, etc.

• Currently developing Phase-III TOBA

- Successfully cooled TMs to 6.1 K

- Reduced seismic vibration by 1/1000 at 0.7 Hz
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Phase-I

(2009)

Phase-II

(2015)

Phase-III 
(Now)

Final

(Future)

10-8/√Hz @ 0.1 Hz 
(Established)

Principle Test

- Room Temp.

- 25cm TM(s)

10-15/√Hz @ 0.1 Hz 
(Design)

Cryogenic Test

- Cryo. Temp. (4K)

- 35cm TMs

10-19/√Hz @ 0.1 Hz 
(Target)

Goal

- Cryo. Temp. (4K)

- 10m TMs

[1] Ando +, Phys. Rev. Let. 105, 161101(2010) 

Scientific Target
Astrophysical

• IMBH merger: 10 Gpc for 105 M⊙ BHs [1]

• Gravitational Wave Stochastic Background: ΩGW ≤ 10-7 [1]


Geophysical

• Newtonian Noise: Detection, model test 
• Earthquake Early alert: < 10 sec for M7 in 100 km

78 Chapter 5. Design of Phase-III TOBA

Figure 5.1: Configuration of Phase-III TOBA.

from the vibration introduction via the cooling components. That problem is
serious especially in a torsion pendulum which is sensitive to tiny forces. Ef-
fective heat extraction is therefore essential for the cooling system to minimize
the vibration transfer.

In this subsection, the configuration of the mechanical suspension system
and the actuator to control it is described first. Then the cryogenic equipments
and components are explained.

Suspension system

The suspension configuration and the parameters of the masses are shown in
Fig. 5.2 and Table 5.1, respectively. The suspension system consists of five
masses, which are separated into two suspension sequences. Two test masses,
TM1 and TM2, are suspended orthogonally (Fig. 5.3) from the intermediate
mass (IM1), and the optical bench (OB) is suspended from another interme-
diate mass (IM2). Both of the intermediate masses are suspended from the
active vibration isolation stage. The horizontal rotations of the TMs are ex-
cited in the opposite direction to each other in response to gravity gradient
fluctuation. Such differential rotation is measured with the optics on the opti-

Active Vibration System 
•Reduction of seismic vibration 
at the suspension point

•Reduction of vibration induced 
by the cooler via heatlinks

Cryogenic Suspension 
•Cool two TMs down to 4 K

•High-Q suspension fiber

Optical Readuout 
•Rotation measurement by  
high-sensitive interferometer

→See Yuka’s poster (B3)

• Cryogenic monolithic inter-

ferometer3. The Current Status110 Chapter 6. Experimental Results of Cryogenic Prototype

Figure 6.9: Cooling curve of the suspension masses. The solid lines shows the
measured curve, and the dashed lines are the expected curve from calculation.
The dot-dashed lines show the case when thermal conductivity is lower than
the design by 35% for IM1, 50% for IM2 and 30 % for OB.

The difference of the achieved temperature 6.1 K and the target temper-
ature 4 K is a factor of 1.2 in terms of the fundamental thermal noise level
that is proportional to

√
T (Sec. 3.2.1). Hence the fundamental requirement

on the cooling performance has almost been achieved, though there are some
possibilities of upgrade. Two issues, the slightly slow cooling speed and the
heat inflow that was limiting the achieved temperature, are examined below.

Cooling speed

The cooling curve is slower than expected (the dashed lines in Fig. 6.9) below
120 K, where the conductive cooling dominates the heat extraction. Therefore
the thermal conductivity is suggested to be lower than the expected values.
The dot-dashed lines in Fig. 6.9 show the case when the thermal conductivity
of the heat link is lower than the design 35% for IM1, 50% for IM2 and 30 %
for OB. They explain the measured cooling speed well. Thermal conductivity

Cryogenic Suspension Active Vibration Isolation

• Cooled to 6.1 K in 10 days [2]

• High-Q suspension: under development

• 1/1000 suppression at maximum at 0.7 Hz

• Limited by 

- < 0.5 Hz: tilt-horizontal coupling

- > 5 Hz: resonances of the support structure

Optical Readout

[2] T. Shimoda, Ph.D Thesis (2020)

• New rotational sensor

- See Yuka’s poster (B3)

• Monolithic interferometer

- Selected components

- Monoithic interferometer assembly 
→ Trying with a setup below
TM1, TM2

TM1, TM2

Free (x, y, z)

Controlled (x, y, z)

Requirement

6

10

1/1000

Fine alignment

stages

• linear stages 

(x, y, z)

• picomotors 

(pitch, yaw)
Silicon mirror

Future Plan

• Development of high-Q suspension fiber

• Improvement of active vibration isolation system

• Demonstration of new rotationanl sensor

• Assembly of monolithic interferometer


Measured

in Dec. 2019 

Measured 

in June 2019

w/o cryostat

Semi-monolithic

Fiber injector


