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NGC# BHEE M SNR  SNR SNR EEESE
[Msun] [kpe] (FIE®) (1:1/3) +100Msun [km/sec]
12,424 11.2 36.4 22.2 3.7 - 19.5
4,754 6.9 26.6 16.2 43 15.4
4388 10.3 16.6 10.2 28 15.1
3,720 10.0 149 9.1 2.7 .14.5
820 4.5 9.4 5.7 3.6 10
1,348 121 5.3 3.2 16 . 11.3
820 9.0 4.7 29 1.8 10
366 8.8 2.5 1.5 1.4 8.2
444 110 2.3 1.4 1.2 8.6
228 1.8 1.9 1.1 13 1.3
142 1.5 1.3 0.8 1.1 6.5
133 8.0 1.2 0.7 1.0 6.4
45 4.0 0.9 0.6 1.3 49°
89 8.0. 0.8 0.5 . 0.9 5.8
171 153 0.7 0.5 0.6 6.8
41 104 0.3 0.2 0.5 48
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DPFAFLERM pECP50

HB7RICEESH<N A DPFEKRiE{% 5 E
BESE =7 0.1HzTOEHANIZMLEORIESY
500 km | HEEHBEFL )
\ HIRE H15
BuBREDE <1x10°17 N/Hz/2

~

FHHCLBHAME | HOHE

3
1:4x30 BMEENEZEH 3x10-18 m/Hz1/2
AlERIEED BoOHMHT BiEHHS

HERISNE . o [shTa0—o) G o,
3x10'5 T/m _ Lther = m (2
| 0.5Hz/ Hz1/2

5 e
FOHE| o 2x10°17 m/Hz1/2

BEMIEED
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Background: Present

original figure by ~13.7 Gyr
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T P sens. Structure
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CTRL CTRL
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Stabilized

GW detector Housing Thruster
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SDS-1I8MDSWIM (Space wire demonstration module)

DPFi§E O 7O 17 ELTHRH %
SpC2 MEEEEN/IR AR -mB0E BELN)
Snm DPFEYYa i (FoalEl@®—K, AD/DATAVIS—4&, B YES1—IV)

SpaceCffbeZ:',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 beard
GW+Acc. sensor
FPGA board
DAC 16bit x 8 ¢h
ADC 16bit'x 4 ch ,
- 32 ch by MPX
Torsion Antenna x2

1GB SDRAM
1GB Flash Memory ~47g test mass
pPVE Data Rate : 380kbps
Size: 71 x 221 X171 Size: 124 x 224 x 174
Weight: 1.9 kg : ¢ Weight: 3.5 kg r
Power: 7W _ Power: ~7W
SDS-1 t_] ;
Power +28V Power x15V, +5V
BusSystem RS422 for CMD/TLM SpW x2 for CMD/TLM

GPS signal
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fRS0E- G
SpaceWire/SpaceCube

SDS-1/SWIM
1/23HJ:W = *E!IIHI!

~ WRAE, TWBAE g =
FHMZHRMEMIE (JAXA) - e

SpaceCube2: Space-qualified Computer SWIMpv : User Module
CPU: HR5000 — Processor test board
(64bit, 33MH2) pey » GW+Acc. sensor .
System Memory: FPGA board
2MB Flash Memory ° DAC 16bit x 8 ch
4MB Burst SRAM ADC 16bit x 4 ch
4MB Asynch. SRAM > 32 ch by MPX
Data Recorder: .
Torsion Antenna X2
~47¢ test mass

1GB SDRAM :

1GB Flash Memory

pRW: 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 -

!! 10IEI $Eﬂ¥//1€)'7b (2010515 8E| $Eﬂ¥ﬁ9€*ﬂ)



ﬂl]\ﬂlﬁ &uﬂ:lii
SpW BEOFHREDEHOE A —ES 21— .
BROTHEHRIEROLHOBADAFYT -
TAM: Torsion Antenna Module with free-falling test mass

~ (Size : 80mm cube, Weight : —~5009)
Test mass i

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

CQ{I/

\’\ Uséd for test-mass

o > position control

Photo sensor \ /// Max current ~100mA
. A g

Reflective-type optical
displacement sensor
Separatlon to mass ~1mm
Sensitivity — 102 m/Hz1/2

6 PSs to monitor mass motion
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SYWA LY g 0.5
In-orbit operation 5 0

\ L
N_05
Test mass controlled EXP
| =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
(5]
]

O

o
()
)]

L
=
W]

p

Operation: May-12, 2009 X

Downlink' — a week Time [sec]
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S ae . O-hME Y THEEHRH
23 /WEBREM : 95 cmily > 25A&IT 1K1Y

Stabilized laser

& < | Iodine

Freq. Reference

Frequency
Stabilization

Yb:YAG Coupler

Laser source

L—Y—RR :
Yb:YAGL—H—
A 25mw :
SVRBHRNICES
Hﬁ!&!ﬂiﬂs

Rl e s

Isolator

Thruster

Gravitational-wave detector
(Fabry-Perot interferometer)

Local
sensor

Proof mass
(Mirror)

Drag-free control

Housing
Fiber
coupler

[ ]|Frequency
Doubler

Optical
fiber

777V)—-AO—3iIRE
742 A 100
- E#BR : 30cm-
FAMZR . RE Bikg
PDHiﬁLJ:Ufl!nﬂ -l

mm

T T T T
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- RFAREAYE
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(95cm3ILF X2, 350kg)
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Comparlson wuth LPF

., Eo

._ ( |Spathf|n der) —

DPF (DECIGO Pathflner) '

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 k1 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:YA_G.'(lOSO-nm)
Interferometer Mach-Zehnder Fabry-Perot .
Sensitivity . 3x10-14 m/s2/Hz/? (1mHz) 1x10-15> m/s2/Hz1/2 (0.1HZ)

LISA Pathiineler (LPF) SpaesemR Q '

Fags 08 Bl 2R By, s 32, 3068 Rk,

|| o Eﬂ:ﬁ’)A 0101E, me




E 2 OWRF P FHED
75v0F—VIZRET SRR

FRRRT5VI7F—-NVak
h~ 1015, f— 4 Hz
Distance 10kpc, m = 103 Msun

MR (—BF)
BHEEN RN SOR AR

h~ 1015 f— 0.3 Hz

5]

BH ONM

BH Inspiral

[kpc, SNR

Distance 1Mpc, m = 105 Ms,n 2 £ )
0% Galactic genter
DPFOMRMTTREERE g\ :
~ SRRVENIS— (SNR>5) § |
- @
HOFRTAMSEN I e G LY |
D ma-cc..m\ﬁaﬁalwa ' B [Mso.j :
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R DBARLAD

TRRR75V7F—VBERH

75y %—VREN R
HPSORIBHRMHR

SfMoER

BOERTERANSERL AR (0.1H2) TORM
> ChETICLLVRMRERELS

EABIC, BL2OMAT, RERICED
BORMASWINLRIEES ETE DAL,

(o))

M158nROHDERIAERE(C
3000MsuniZ2ENT7 5V 7Fx—IHHd, EL\OiR
> FOEFEERHEL T L.
ZNSDTFVIF—NHBRTHOIY), :
1-10MsuniZEDA ISR EH RKEL TLVRIE,
. DPFTHﬁ!IT’%%‘IﬁEEt‘&%

Obs

Globular clusters known
to have black holes

Andromeda Galaxy
(2.2 millign light-years
from Milky Way)

M15 e Lo

| Our Sun
Milky Way Galaxy

(artist's concept)

Credit: NASA, STScl
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ATEEOMENSHIRENHEF LS+ N ERH
2208ME-N: GPSE(EH# + IERST , ENHEE

GRACE, GOCEA' R #irh

R FEEHE GRACE-FO
GRACEL % (P//O0RMEE)

GRACE
L ~ 220km, AL ~ 5um
> AL/L~2x 1012
DPF -
L~ 0.3m, AL ~ 1011 m
> AL/L ~ 3 x 1011

GRACE&GRACE-FOD MO KA

nuc*wm WA, 2012-165E%1B D T BE{E
" WK MERORS/ Wi > BEORR, lll!llx

) !llolﬁl $Eﬂ¥//=l€)'7A (2010$158E $Eﬂ¥ﬁ9€*ﬂ8) |



MAROWRRNTIA s,

CHAMP (2000. 7) = EE400km
FREMMREEERESE > FEHFTIVI (KKEH.
BESEE) AU THIE - - - OF 4 FFEEZcn
GRACE (2002. 3) = E500km MFFE > #hE D ZEMEMa =%
ERIMAICESER (BKE) EHOMRH - - - FESmm
GOCE (20095 7€) 1= EE 300km Ejﬂﬁ%n‘f >E D ZERMD
e B ST S BRADHN

.33 LJ} &?S | # ¥ " | b i %ZZ( JHI P, (sing)(C, cos(mA)+S, sin(mAi))
« |ﬁif'°'i“""“a' e B N EARTL UL ORERAERRN
K < \ag 0 B ERE (R O R4 AR

0| RS ERATACLCKYERE
o (1:K) SRS D

L Gi;o d Hei ght [mm)

GRACE’C’lﬁ%I]é#’LT_@JE( Ko EIE | |
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CHAI\/IP (Challenglng Mini- satelllte Payload)

HERICIRBL/=CPS%{Ri#
> MENNRE, IREHIBRA

$TEWFH 2000.07.15 (EREtE® 3%)
Bl AE-MDuN (BE 470km, fi#A 83M)
PASEMIBI DLR, CNES (ACC), NASA (GPS receiver)
ERNs
(1) ACC (STARM:ERERT)
MEMEY 0.0001—0.1Hz
e +0.0001ms™—2
ENME MEE <3X10° -3X108 ms2
AMEE <1X107-5X107rad+*s?
(2) GPS receiver ME¥ S50Hz
(3) LRR(L—=Y—R %) A& 38.0mmX4#¥ Courtasy of DLR
(4) OVM/FRD(RHZ—/ NIV AEL)
JUEMEA  xo65.000nT, WEME  <0.5nT
ZHEAMW|EE 150m(along the orbit) &%
(5) DIDM(LZAMER) GFZ Potsdam
LR 4.3m(H&&)X0.75m(H& )X 1.62m(KEHB) http://op.gfz-potsdam.de/champ/

WAk BRI =L 4m BN A OHRMMEE —weblfi—

ER 522kg (NrO—FER 25kg) MEZEA VE—M YO IREE 2—
L L Y 140W(AS/a—F 45W) http://www.restec.or.jp/databook/

7 | | 10 $ﬁﬂ¥>:k~“)¢A (2071051 8E, $E¥BIR*) :



BERAIVI AV (2)

GRACE

(Gravity Recovery and Climate Experiment) GHAC E
2ROERDG T LRTICLITRENZIY Y Measuring Earth's Mass. in Motion
GPS, 210V 7IC & B2 ROMMIERERLME _

HIREON, BN - XAEOENRENOHRN

GRAGE (Gravity Recovery and Climate Experiment) measures _
variations, in time, of Earth’s gravity field. The

largest variations are due to movement of

ﬂ J:H:E 2002.03.17 (EV:/EVEH 5$) . ¢ stored water illlhehytlrulnuic cycle.
Bl ABRAENE (WE 500km, REEPE SoB) : -
2#ER 220km
PASEMB  NASACGKE), DLR(KT1Y)
CE T ,
(1) KBR(K/S/F RS Sy o AEe .
GPSEEMENA R DY T /ORI Y P\ @ s

- duérfo umeven tistribution of mass inside Earth.

2MEREMELRERR 1pm/s

(2) ACC(#R X4 EENEZE{L ¥l IE A I BERT )
INEBEDMREE 1 X100 ms2

(3) CSA(ISR T MBAMERNAF)

(4) GPS Receiver
BEMTT—28SLUVIBRRARKERICIIBEN - XTED
ENRET—2IE

(5) LRR(L—YRHH) MEME <5mm

WEERKR-TE AERE
3.122m(R&E)X0.72m( W& )X 1.642m( EBBIR)

BER 432kg (NfA—K 40kg. ¥E 34kg)

HRE®H  150—210W (R1O-F 75w, @@ 20—50W)

PAISSRA  9,680AKN (2H&EH)

$10E FHE¥ S EIVLA (2010E1ASH, FHE¥RMEAEE)




HERANIY 3V (3)

GOCE

(Gravity field and steady-state Ocean Circulation Explorer )

hIROEKAIBERAL. BMEHIOEZEM 2R
REDITO—-ISIVETNEREDD,

$TEWFH 2009.4 (R3vy¥aviif 2-3%)
Nl XWEAMHRE (WE 295 km, M#AE 96.78)
FAJERE ESA
RAinS
(1) Gradiometer X 3 pairs
MY — B mEREH
MEEHORTFAR—RAF1R 0.5m
MEEEH /14X <1 X102 ms2
(5 mHz — 0.1 Hz)
(2) GPS/GLONASS receiver (iMithFH )
(3) Laser Retroreflector
PEBT 760W
Bl 1,200kg (FTEITHN)

GOCE (Courtesy of ESA)
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2 s it o i REMREAALARELHE
' " ' (F3=A=30 754k )
R2Y97V)— |-l SR EHRTEE RELCHEORR
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' (LPFTIZ MZF BRI &M
10-12 m/HZUZEEQQﬁIQE) y
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FHERTOMEH M
> ERYEERE
KR OMR T TOMENH N

/_  rm | - = == =
RSN
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BERICHRVYAZIEEMTE

FPFHSHC LS
6x10-16 m/Hz'/2 HFEHI MR

 HBTAAONERERROR

FE-HEARRO LR ER
o e

DECIGODIRIE®H |
FPFBEHCES
4x10-18 m/Hz/?

DI MBEE
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RAMR, RFNE-OE2—% SESELHH _
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- (10°° Hz/HZz 2O RERE) ;  ERVARR, vr/0KER, BR
$HTH BREL—F—ORMR (ACES), BERE (TPF-C), xRN
S HEBERICEIEEREIELL (MAXIM), 73 =X=32721€h (LISA,
N _ GRACE-follow-on) -
L [ mEL-Y-%kEOER B
A | smcsutRoARSREE y
DPFT EFOL—Y—XEOXR. 3V
RRBBEAL, BEIva |
BETRR HAIRBEORRERET.
.0.5 HZ/HZ\?OMBWREE - DECIGOM R

BTN IS DRELDFH FAE BCREZRETRER
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FEF =23y AT LM%

> 1972% TRAID-1 TH¥IRKE
MELRYERN

- 20044 Gravity Probe-B

LPF (2010/11) L1 TREE

7 | =
HR

N

ERN: EEERXE»SND
BEHET (BOV) TREE

%

.

ER-ERAR 0
RIEMARZECKER RN
>FHBRRFAAONML VA REH

EREERR, HET¥
73=A=307214b
Di=HNEREH
(TPF-C, LISA, GRACE follow-on)

. MREERRSRSOTHRE

I~7/77')—ﬁ|lﬂ|0)¥iﬂ

EAHEIC LSRR REE
HBEBALE. R ARERSYT | - »

ZV—HBORR. FH@ARCEE

BAZASOFHEIAMEHET.

BANEREEOHAICEIERTHE

AMEREHELITAD

HERENREWL 10° m/Hz/2
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Core velocity dispersions for 25 Galactic
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Pierre Dubath et al., EVIDENCE FOR AN INTERMEDIATE-MASS
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Eva Noyola et al., ApJ 676 (2008) 1008Y1015
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the diagram.
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