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Space demonstration
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TAM: Torsion Antenna Module with free-falling test mass
(Size : 80mm eubgvlpht ~500g)
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SDS' :H:E ﬁd)SWIM (Space wire demonstration module)
20095 1A¥I65L\F, 201089A:EHFEIE

D HRTRIO FTHENRIRNE

TLSE EBNASICLD
(200941 A238) SUAXA

SpaceCubeZ:.Space-qualified Computer SWIMuv : User Module

CPU: HR5000
(64bit, 33MHz)
System Memory:
2MB Flash Memory
4MB Burst SRAM
4MB Asynch. SRAM
Data Recorder:

Processor test board
GW+Acc. sensor
FPGA board
DAC 16bit x 8 ch
ADC 16bit x 4 ch
- 32 ch by MPX
Torsion Antenna x2

1GB SDRAM
1GB Flash Memory ~47g test mass
SpW: 3ch
Data Rate : 380kbps
Size: 71 x 221 x 171 1 Size: 124 x 224 x 174
Weight: 1.9 kg e Weight: 3.5 kg
Power: 7W Power: ~7W
Power +28V Power 15V, +5V
Bus SyStem RS422 for CMD/TLM SpW x2 for CMD/TLM

GPS signal

T
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TAM: Torsion Antenna Module with free-falling test mass
(Size : 80mm cube, Weight : ~5009g)

Test mass

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

Photo senso\

\\ P

Reflective-type optical T
. displacement sensor
Separation to mass ~1mm
Sensitivity ~ 10-2 m/Hz1/2

6 PSs to monitor mass motion
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- Fe 2V ¥8% 16ch (CEm.

O SRR SBBM/EMIcHA A3A L.
FistEM, SRV AES1—VBBM, RELLL—H—

p

T2 HliAR—R
FPGA x2

(SpW FPGA, User FPGA) [

SDRAM 32MByte "
SpW Port x2, RS232C
16¢ch 16bit ADC/DAC
Digital I/O #10ch
N7 7HRE.

N
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Standard Bus
o]

Mission Module Heater Mast
TMP sens. Structure

1 TM1 4 TM2 1 { Thrust
CTRL CTRL CTRL

ooooo

Stabilized

S GW detector Thruster
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D ECIG O (DECI-hertz interferometer

Gravitational wave Observatory)
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DPF Payload
Size : 950mm cube

Weight : 150kg | Stabilized.
Power : 130W Laser source

Data Rate: 800kbps
Mission thruster x12

Power Supply
SpW Comm.

Satellite Bus
(‘Standard bus’ system)

Size : ater
950x950x1100mm

Weight: 200kg

SAP : 960W

Battery: 50AH
Downlink : 2Mpbs
DR: 1GByte
3N Thrusters x 4

Satellite
Bus system
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LCGT (~2016) DECIGO (~2027)
Terrestrial Detector Space observatory
> High frequency events ~> Low frequency sources

Target: GW detection Target: GW astronomy .
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DPF
(JAXA, 2015-)

GOCE
(ESA, 2009-)
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Coefficient Error

Report for Mission Selection
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Core velocity dispersions for 25 Galactic

and 10 old Magellanic globular clusters?
Pierre Dubath et al.,
Astron. Astrophys. 324, 505-522 (1997)
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GEMINI AND HUBBLE SPACE TELESCOPE
EVIDENCE FOR AN INTERMEDIATE-MASS

BLACK HOLE IN » CENTAURI
Eva Noyola et al., ApJ 676 (2008) 1008Y1015

1904 640.9
—146.3%1.6
57.2%1.7
—142.7£1.7

—26.0x1.6

15.0£0.5
+2.6
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—181.1£1.
6£2.2 8.9+1.5
—185.1%1.7 0.5
-182.94+2.7
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0.171
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0.112
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0.134
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0.168
0.092
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7.2£0.15
6.8+0.10
+0.10
8+0.10
8+0.10
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Elliptical Gal. & Bulges
AGN from SDSS
AGN from Reverberation mapping

Globular Clusters

1.5 2

log o, (km s~

M,-oq relation for elliptical galaxies and bulges. The solid line is the
relation in Tremaine et al. (2002). w Cen lies on the low-mass extrapolation and sug-
gests a similarity between it and the galaxies. Different types of systems such as
star clusters and low-luminosity AGNs appear to populate the low-mass end of
the diagram.
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[Msun] [kpe] (FIE®) (1:1/3) +100Msun [km/sec]

Globular clusters known g;g; ‘ﬁ';gi 1 ;g gg'g fgg 2; }g'i
to have black holes 7078 4388 103 166 102 2.8 15.1
6093 3720 100 149 9.1 2.7 145
M15 104 820 45 9.4 5.7 3.6 10
1851 15348 12.1 5.3 3.2 1.6 113
6681 820 90 4.7 2.9 18 10
6293 366 8.8 2.5 15 14 8.2
5286 444 110 2.3 1.4 12 8.6
T, 6522 228 7.8 1.9 1.1 13 13
: » 5904 142 15 1.3 0.8 1.1 6.5
Milky Way Galaxy 6325 133 80 12 07 1.0 6.4
(artist's concept) 6752 45 40 0.9 0.6 13 4.9
7099 89 80 0.8 0.5 09 5.8
Credit: NASA, STScl 6284 171 153 0.7 0.5 0.6 6.8
5272 41 104 0.3 0.2 05 4.8

(?VZ d)ﬁﬂ I*.Il-.ﬂ 150@%&!@)

%3@ ll\iﬂ-}ﬁJE//:t/'?A (2013$3E8EI mﬂ-}iﬁnl’ﬁ)


http://gwcenter.icrr.u-tokyo.ac.jp/

Comparison with LPF

LPF (LISA Pathfinder) DPF (DECIGO Pathflnder)

Purpose Demonstration for LISA Demonstration for DECIGO
GW observation

Launch 2010 - ~2013
Dedicated launcher (Vega) Dedicated launcher (M-V follow-on)

Weight 1,900 kg 350 kg

Orbit Halo orbit around L1 SSO altitude 500km
Drag-free attitude control ~ Drag-free attitude control

Test Mass Au-Pt alloy x2 . TBD x2

Laser source Nd:YAG (1064nm) Yb:YAG (1030nm)

Interferometer Mach-Zehnder Fabry-Perot

Sensitivity 3x10-14 m/s2/Hz/2 (1mHz) 1x10-15 m/s2/HzY/2 (0.1Hz)
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-Verification of the alternative theories of gravity
Test Brans-Dicke theory by NS/BH binary evolution
- Stronger constraint by 107 times

K. Yagi and T. Tanaka, Prog. Theor. Phys. 123, 1069 (2010)

* Black hole dark matter
Gravitational collapse of the primordial density fluctuations
- Primordial black holes (PBHS)
as a candidate of dark matter
R. Saito and J. Yokoyama, Phys. Rev. Lett. 102 161101 (2009)

« Neutron-star physics
Determine mass of 10> NSs per year
- Constrain-the EOS of NS
Formation process of NS from the spectrum
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DECIGO will observe

104> NS binaries at z~1

@ Precise ‘clock’ at cosmological distance

‘Standard Siren’

Relationship between

diStance and redShift Expansion +Acceleration? DECIGO
Distance: chirp waveform — D N\ A
Redshift:  host galaxy NS-NS (z~1) 10utput

- Information on acceleration
of expansion of the universe

Seto, Kawamura, Nakamura,
PRL 87, 221103 (2001)

Determine cosmological parameters Angular resolution
~10arcmin (1 detector)

~10arcsec (3 detectors)

Absolute and independent measurement g
at z=
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*BBM of Module, oL

Sensor, Actuator, s

"Clump/Release *
*H-Grav. Exp.
BRX, BLXXZA,

ERK, A2U7+—FK
FHBHES 2N
> ENRRAN, BEhakH

«30cm IFO BBM -Packaging
Digital control -Monolithicopt. = —Y—t ¥

> MEEHtEY

*BBM test
*Sensitivity meas.

WAHRE, WAE

SIBEIB, WX
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development

%X, NASA/GSFC
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BBM development
«Stability meas.

Wil X, NICT
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*Passive
attitude stability
*Drag-free control

WK, JAXA

Low-noise Thruster
- Actuators for satellite control

-BBM and system design IAXA, BmK, Bk
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- SDS-1
wfdan. 2009)

JAXA, K, ®K
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> SWIMICE S FHREE

Space demonstration
bySDS-1/SWIM

TAM: Torsion Antenna Module with free-falling test mass
(Size : 80mm cube, Weight : ~500g)

Test mass
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-I%- E&E :F %E.I. The Future of Satellite Gravimetry
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Workshop on The Future of Satellite Gravimetry

12-13 April 2007, ESTEC, Noordwijk, The Netherlands
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Radboud Koop and Reiner Rummel (Eds.)
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LCGT (~2016) DECIGO (~2027)
Terrestrial Detector Space observatory

- High frequency events - Low frequency sources

Target: GW detection Target: GW astronomy
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SDS-1 M DSWIM (Space wire demonstration module)

DPFEO7OM217LLTHEN
SpC2 /MNEHEEMN/(R AE-ES0E, BEHMN)
Snm DPFEYYaYf (FUsMH@F—F, AD/DAIYI—4, B YESa—N)

SpaceCubeZ:‘Space-qualified Computer SWIMpv : User Module

CPU: HR5000
(64bit, 33MHz)
System Memory:
2MB Flash Memory
4MB Burst SRAM
4MB Asynch. SRAM
Data Recorder:

Processor test board
GW+Acc. sensor
FPGA board
DAC 16bit x 8 ch
ADC 16bit x 4 ch
- 32 ch by MPX
Torsion Antenna x2

1GB SDRAM
1GB Flash Memory ~47g test mass
Adabet Data Rate : 380kbps
Size: 71 x 221 x 171 , Size: 124 x 224 x 174
Weight: 1.9 kg e Weight: 3.5 kg
Power: 7W Power: ~7W
Power +28V Power 15V, +5V
Bus SyStem RS422 for CMD/TLM SpW x2 for CMD/TLM

GPS signal
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SpaceWire/SpaceCube
SDS-1/SWIM
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SWIMuv : User Module

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

SpaceCube2: Space-qualified Computer

CPU: HR5000
(64bit, 33MHz)
System Memory:
2MB Flash Memory
4MB Burst SRAM
4MB Asynch. SRAM
Data Recorder:

1GB SDRAM

1GB Flash Memory

P8 Data Rate : 380kbps

Size: 71 x 221 x 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 : ~5009g)

Test mass

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

¢ < - o)
N\ Coil

< d for test-mass
\ position control
Photo sensor = Max current ~100mA
N ,

Reflective-type optical
. displacement sensor

Separation to mass ~1mm

Sensitivity ~ 10-2 m/Hz1/2

6 PSs to monitor mass motion
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TAM: Torsion Antenna Module with free-falling test mass
(Size : 80mm cube, Weight : ~5009g)
Test mass :

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

TLWSE IEBRNASICLD
25 MOHF
(2009481 F238) CUAXA

Photo sensor\\

\ P

Reflective-type optical T
. displacement sensor
Separation to mass ~1mm
Sensitivity ~ 10-2 m/Hz1/2

6 PSs to monitor mass motion
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SWIM
In-orbit operation

Z Errorfmm]
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Test mass controlled

Error signal 2> zero

o © o
N O NS

Z Feedback [V]

Damped oscillation
(in pitch DoF)
Free oscillation
in x and y DoF

o
o
R

l <—=yaw control on

Signal injection
- OL trans. Fn.

Yaw Feedback

Operation: May 12, 2009 o
Downlink: ~ a week Time [sec]
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