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- Gravity (2009~) LCGT (2017~)
Test of gravity ISL

e
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TOBA (2005~) ZX
Novel Detector
configuration

DPF (2015~)

Small Satellite
Galactic events
Earth’s gravity
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(2021~)
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% SWIM (2009~) Space observatory ' .
First module in orbit - Earth environment
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Traditional !FO detector " : Torsion Detector
Detect differential length change Detect differential rotation
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1160+ @9 + w%H — —q” . hij(t) GWs
Q 4 ) s

J : Moment of Inertia

e

q{’"j : Dynamic quadrupole moment

‘
=

Bar/rotation

| 3
Q- L, | o~/
B 8(w) = %ahx(w) (w > wo)

a : shape factor, between 0 to 1 ' Tidal force :
Dumbbell > o = 1 by Xypode GV
Dimension less, |
Independent of matter density
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Bar length. : 10m, Mass - 7600kg Laser Freq. noise < 10Hz/Hz2,
Laser source : 1064nm, 10W ~ - " Freq. Noise CMRR>100

Cavity length : 1cm, Finesse : 100 Intensity noise < 10-7/Hz2,

. 105 -
Bar Q-value :"10°, Temp: 4K Bar residual RMS motion < 10-12 m
Support Loss : 10-°

0 |
FN —
= 107k i
— A
-
o 18 : -
= 1 Shot noise
[,
0 .
5 10 .
10~ 1077 10" 10° 10’ 10°

Frequency [HZz]
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Total Mass of Black holes [M ]

Calculation by K.Yagi
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Topic

Homodyne detection

Ideas of : |
Bar rotation by tidal acceleration by GW
Detection of Circularly polarized GWs
Heterodyne detection method

Angular accelerations of
rotating bars [“Heterodyne
detector”; see Braginsky,
Zel'dovich, and Rudenko (1969)]

Observation with torsion antenna :
Cryogenic torsion antennd to observe
continuous GWs from Grab pulsar
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Sensor module to demonstrate SpW communication

Observation of gravitational waves (107 /Hz1/2)
Monitor the satellite environment as accelerometers

TAM: Torsion Antenna Mo ule wuth free -falling test mass

Test mass
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Figure: S.Kawamura
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SDS-1¥8#EDSWIM (Space wire demonstration module)

DPFEIZN7OM217ELThHRE
SpC2 MBFERIEE/INR GEfs-E2nE, SEHNE) |
Snm DPFEYIaval (Fo4ngl@F—k, AD/DAAVIS—%, £ Y ES2—)))

; SpacethbeZ:',Space—qualified Computer SWIMpv : User Module

CPU: HR5000
(64bit, 33MHZz)
System Memory:
2MB Flash Memory
4MB Burst SRAM
4MB Asynch. SRAM
- Data Recorder:
1GB SDRAM
1GB Flash Memory
SpW: 3ch

Size: 71 x 221 x 171

Weight: 1.9 kg
Power: 7W

~ Processor test Taeard
GW+Acc. sensor
FPGA board
DAC 16bit x 8 ¢h
ADC 16bit'x 4 ch ,
- 32 ch by MPX
Torsion Antenna x2
~47g test mass

Data Rate : 380kbps
Size: 124 x 224 x 174
Weight: 3.5 kg |
Powér: ~7W

SDS-1
Bus, System

Power +28V Power £15V, +5V
RS422 for CMD/TLM SpW x2 for CMD/TLM
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SpaceWire/SpaceCube- JAXA
SDS- 1/SWIM
1/234T EVF 2 5‘]""-E¥.IEJI‘.E§
o WEKE, mBKFE
FHMZHTHAREBE (1AXA) L -
SpaceCube?2: Space—qtialified Computer SWIMuv : User Module |
CPU: HR5000 ) A Processor test board
(64bit, 33MHz) GW+Acc. sensor .
FPGA board

DAC 16bit x 8 ch
ADC 16bit x 4 ch

- 32 ch by MPX
Torsion Antenna x2

System Memory:
2MB Flash Memory
4MB Burst SRAM
4MB Asynch. SRAM
Data Recorder:

1GB SDRAM : :
1GB Flash Memory ~47g test mass  *
PP Sch Data Rate : 380kbps
Size: 71 x221x 171 Size: 124 x 224 x 174
Weight: 1.9 kg + Weight: 3.5 kg
Power: ~7W -

Power: 7W
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TAM: Torsion Antenna Module with free-falling test mass
~ (Size : 80mm cube, Weight : —~5009)

Test mass

~47g Aluminum; Surface polished
Small magnets for position control

=59\
" X\ .
\ fg Cr) /"
R Coil”
\:\ USéd for test-mass
i /,/ position control

Photo Sensor \ < Max current —100mA
I AN
Reflective-type optical
displacement sensor
Separatlon to mass ~1mm
Sensitivity — 102 m/Hz1/2
6 PSs to monitor mass motion
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In-orbit operation 5 0

\ L
N_05
Test mass controlled = 04
| =y 5 02
Error signal = zero g 0
' £-0.2

Damped oscillation N

(in pitch DoF) <€—yaw control on
Free oscillation |
in x and y DoF

Signal injection
- OL trans. Fn.

o
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o
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L
=
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Operation: May 12, 2009 X

Downlink: ~ a week Time [sec]
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