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Core velocity dispersions for 25 Galactic and 10
old Magellanic globular clusters? GEMINI AND HUBBLE SPACE TELESCOPE

Pierre Dubath et al., EVIDENCE FOR AN INTERMEDIATE-MASS

Astron. Astrophys. 324, 505-522 (1997) BLACK HOLE IN o CENTAURI
Eva Noyola et al., ApJ 676 (2008) 1008Y1015

Table 6. Radial velocities and core velocity dispersions for all actic globular clusters in our samg

NC v v Oret core) stat err  op(core)
No. (kms (kms™ (kms~') (kms™") st (kms~")
(2) ) (4 b (6) (7)
0.110
0.107
0.171
0.071
1904 200.6+0.9 0.050
5272 —146.3+1.6
2+41.7

—71.8%1.6

5+1.7 : 0.1: 3. v 6 ; 6 f 5.8 75 Elliptical Gal. & Bulges

—147.9+1.8 . B .0: y 7.4

31.0%+1.8 AGN from SDSS

AGN from Reverberation mapping
15.1+1.6
15.0+1.6
14.6£1.6
-10.3%+1.6
—~198.8+1.6
223.4+1.6 11.5£0.3 0.092 4 0.24 6.8+0.10
—-32.0£1.6 8.5+£0.2 0.082 21. A 7.2£0.15
1.6 15.6+0.2 0.015 54. .2 6.8+0.10
—180.7+1.8 +£0.8  0.022 ¢ 6.8+0.10
—181.1%1. +0.9  0.020 A k: 6.8+0.10
8.9+1.5 0.017 2 4 6.840.10
0.031 X 6.8%0.10
0.017 5. 2.18 6.84+0.10

Globular Clusters

2
(km s~

Fic. 9.—M,-c . 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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NGC# BHE{ER M SNR  SNR SNR 'ﬁﬁﬁm
[Msun] [kpc] (BIE®) (1:1/3) +100Msun [km/sec]

Globular clusters known g;g; ‘ﬁ';‘gi 1;3 gg;‘ fég i; }gi
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 1,348 12.1 5.3 3.2 16 113

6681 820 9.0 47 2.9 18 10

6293 366 8.8 2.5 15 14 8.2

5286 444 110 2.3 14 12 8.6

Bl 6522 228 7.8 1.9 1.1 13 13

: » 5904 142 15 1.3 0.8 R 8.5
Milky Way Galaxy 6325 133 80 1.2\ 07 1.0 6.4
(artist's concept) 6752 45 40 0.9 0.6 1.3 49
7099 89 80 0.8 0.5 0.9 5.8

Credit: NASA, STSc! 6284 171 153 0.7 0.5 0.8 6.8

5272 41 104 03 0.2 0.5 4.8
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DPF Payload

Size : 950mm cube ' | :
Weight: 220kg Stabilized.
Power : 150W Laser source

Data Rate: 800kbps
Mission thruster x10

Power Supply
SpW Comm.

Satellite Bus
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DR: 1GByte
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Satellite
Bus system

Bus thruster Solar paddle
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Mission Module Heater Mast
TMP sens. Structure

- Thrust
CTRL
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GW detector i Thruster

Stabilized
Laser
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SpC2 + SpWIE S MBS AT L
> SDS-1/SWIMIC &2 HEEE

«:{dan, 2009)

JAXA, |RX, ®X

HERv ADIEEA I E ATl
> SWIMIC K 2FHE:E

Space demonstration
bySDS-1/SWIM

TAM: Torsion Antenna Module with free-falling test mass
(Size mnmeubgvlght ~500g)

T st mass

WBE/ISAVATL

Y ———



SDS' ZHE ﬁd)SWIM (Space wire demonstration module)
2009 1A¥IB5 LT, 2010890R:EHFEIE

D #RTRIO FTHENRIRNE

TLSE BBNASLED
WESMOUF
(200951 A238) CUAXA

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 x4 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 O8N Weight: 3.5 kg
Power: 7W Power: ~7W
SDS-1 4
Power +28V Power 15V, +5V
Bus SyStem RS422 for CMD/TLM SpW x2 for CMD/TLM

GPS signal

R A Ire 451 b 4 dp ot




TEDALI0§ 58 b5 d-tiun po-namh 16 DALB0 45 5.8 b5 d-tias poob.ainh 34 1

@R EEEN RS _
|:> ﬂﬁf%*ﬂw %H-'Eij]i&mﬂjﬁ Photo:

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

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

N\

Photo sen_sor\\

\ v

Reflective-type optical N
. displacement sensor
Separation to mass ~1mm
Sensitivity ~ 102 m/Hz1/2

6 PSs to monitor mass motion




= Fa‘lT—'?Hma

Jun 17, 2010 ~120 min. . =
July 15, 2010 ~240 min, > FH A RERICH TS LMRIE

Frequency [Hz]

100 150
Time [min.]
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- Fr 2 IVE% 16¢h (38N.

O B3R SBBM/EMIcHA AA L.
FistEM, SRV AES1—VBBM, RELLL—H—

p
7 2 Vil R —R
FPGA x2
(SpW FPGA, User FPGA) [
SDRAM 32MByte |
SpW Port x2, RS232C
16¢ch 16bit ADC/DAC
Digital I/O % 10ch
NI 7 EE.

N\
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SERL

B8 ik
Bl

450kg, 950 x 950 x 2000 mm
=E500 km KEFHIEHE (£ HB#E)

£ AEREH, ks mEs
p
Syvavep
BE-~ti&  220kg, 950 x 950 x 900 mm (Z1##:i&kE<)
HES 150 W
L—Y¥—F#Et B#ER30cm, 2-3kgiER VR x2,
T RRE 6x10°16 m/Hz/2
L—H—%R FHEAD 25 mW, iR 1060 nm
7R EHRINERICEIREL
BiR¥BEZERE 0.5 Hz/Hz!/2
A7ARE 100 uN x 27, 10 uN x 8&
AT 0.1 uN/Hz/2
K2v927')— =Z2BHHEOHME, BEREE 10° m/Hz!/?
9 7"“—911—I~ 800 kbps, #illF—4= E#E#% 600 MByte/day -

[

e T T T T T T T T T e T T T e T L S TR e S L S TR T
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F#551BBM HIfHSERR (~2011, RERKE)
- AR A2V Y—TRE, 77F1I1—-23MERIL.
- AHSRBOE/V) 715 R BBM.
- QPD BBM + F¥%JVR—KBBM (k2.

« PDH. WFSIZ X SFPhl{E

optical
laser

source

i 7 T coil-magnet
isolator
actuator

EOM| | | BB —F '
FPGA
length, servo filter

pitch < 2, yaw < 2
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D =F#F..'I' ARV A + T35 + €Y

HER2AED1—)
Bh-BAH :&’Eﬁ:ﬂ]?’%tﬁ)d)ﬁ?ﬁ

*BBM of Module, S
Sensor, Actuator,
Clump/Release

*H-Grav. Exp.

EBXK, BN A,

BRK, R2T7r—FK
FEHE 12—
> EZREA, ENQECE
«30cm IFO BBM -Packaging

Digital control +Monolithic Opt. L—Y—t Y%
> MEREEY

*BBM test
*Sensitivity meas.

RAHR, RAE

EII'L?E)‘C-‘:-", RK
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X error
Theta error

- R R0k - ERO A il —
2B HEHf#lZRIA. NIV AL A A A aes

- 0.1HZTHREER
i€ 3x10> m/HzY/2,
E#E 104 rad/HzY/? .

=
L)
&
=
7]
S
=
w

Feedback signal[V]
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il 1] i 2R (ML AEE) i) 1l i 2R ([E] %)

0 error with contro
.8 error without control -

Bl ENTEE

1/ -1f10lZHIH
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Yb:YAG (NPRO or Fiber laser) ¥%i& =
>IZE-BE(L, kT

*BBM
development

B KX, NASA/GSFC

377 & EFNIRUN
B RELHE S
> RBiREE
B EL T 1
*BBM development
«Stability meas.
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JRRMBREILES1—-IBBML (~2011, éaﬁjc)
- ARV EZRAVVERIBRBREIL.
- BREEER (0.5 Hz/HZV/2)&i{1=7
AR BBREI(ILES21—IVBBM2 (BiEK)
- 7PINNEFZAV,ME -BEE -BRHE(L.
- SpW7‘-“~>“$uwﬁIJﬁ|l7l-i—l~“t:J:%iM’ﬁ.

-
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-EERRSD 100 yNASRARZ 2&
KRRV, KIGEEHE
- EHRES 10 NASR% 88

AREEY, KIEGEHER
p:

23V A7 AR LEkR

#H 0.5-100 uN x2 (FTE)
0.5-10 uN x 8 (FIE)

9 AR HE 0.1 uN

#AOMS 0.1 uN/HZzV/2

FERZE >10Hz

Isp TBD

EH-BE <40W, <40kg

JEFH% 4,300 KM
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Pre-Conceptual Design

___ pecfeo

Interferometer Unit:
Differential FP interferometer

Arm length: 1000 km
Finesse: 10
Mirror diameter: 1m
Mirror mass: 100 kg
Laser power: 10 W

Laser wavelength: 532 nm

S/C: drag free
3 interferometers

Drag-free S/C

Egmaﬁa (2013&125 248, FEHEIFMAEH)



Interferometer De5|gn ~ pecfeo

Transponder type vs Direct-reflection type

Compare : Sensitivity curves and Expected Sciences

HHQ Decisive factor: Binary confusion noise

Laser: 10W, 532nm
Mass: 100kg
Mirror: 1m dia.




Arm Iength pEcTa0
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Cavity arm length : Limited by diffraction loss

Effective reflectivity (TEMoo = TEMoo)

Laser wavelength : 532nm

Mirror diameter: 1m [> 1900 km
Optimal beam size IS almost max.

Diffraction Loss
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Displacement Signal between S/C and Mirror

Local
Sensor

\

Thruster
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{XEE: ' unit
ABREEOLI—-RghE

EMIERE 4x1012 m/s?
(EAOHEH ~10°N)

FSEtiiE Sepaursitfd overlapped
4 DOFBEL=VL =

2 overlapped units > fARAMR4R
2 separated units > ERNRBORE




Foreground Cleaning pecfa0
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DECIGO obs. band: free from WD binary foreground
- Open for cosmological observation

DECIGO will watch
~ 10° NS binaries

|:> Foreground for GWB

In principle, possible [ DEcie0 average spectum
to remove them - —— Sge (Defore cleaning)
_ ) Seiean POWET spectrur_g
Require accurate waveform obs) 1 T pme 10%%

Am/m ~ 107 %

— Am/m < ~10"" %
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Design Update

Considering “Conceptual design”

By T.Akutsu

«Arm length: 1,500 km Prelimip,,

eLaser power: 30 W <3 Parameters tuned
eLaser wavelength: 532 nm

eMirror diameter: 1.5 m

e Mirror mass: 100 kg

e Mirror reflectivity: 77.3%

e Cavity g-param: 0.1

This is the first step to
considering the conceptual
design.

Next:

= Confirm the calculations. ‘

= Find the realistic way s s s s e

to realize this! p 2 10" 10° 10" 102
Frequency [Hz]

gl—\
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=y
£
=
»
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w
c
®
n

CGIl Program by Numata
]

14 GWADW2011 in Isola d’Elba (24 May 2011)
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DECIGO (~2027)
Space observatory

KAGRA (~2017)
Ground-based Detector
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SDS-1$8 8 DSWIM (Space wire demonstration module)

DPFEIZN7Abs147ELTHRE
SpC2 INBIFEIERE/NR (E(E-ESnE, BEHH)
Snm DPFEYa il (Foangl@FE—k, AD/DAAVIN—%, B3 ES1—-))

SpaceCube2:.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 x4 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 _ Size: 124 x 224 x 174
Weight: 1.9 kg o' % Weight: 3.5 kg
Power: 7W Power: ~7W
SDS-1 4
Power +28V Power 15V, +5V
Bus ,SyStem RS422 for CMD/TLM SpW x2 for CMD/TLM

GPS signal




BNREHEA RS
200051 B$15. EVF, 201040 H EREL

D HRTRAD FHEARRHS

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

TOSE EBRNASICED
WESMOHT
(200941 H238) SUAXA

Photo sensor

Reflective-type optical N
. displacement sensor

Separation to mass ~1mm

Sensitivity ~ 102 m/Hz1/2

6 PSs to monitor mass motion

SEi#ﬂlﬁn (2013£|E1za 24EI #Eﬂ#ﬁ%ﬁ)
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Test mass controlled

Error signal - zero

Damped oscillation

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

Signal injection
- OL trans. Fn.

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

SEEIES (20135128240, FHEISFEM)



SWIMEH pECTGo

(L0000 13 52 15 4P st 1 DALONS 01 41 10 b s 5 PALORS £ 62 10 4t b JH RALHS 1 62 10 et P TR DR 14 62 1 4P -t 18 FALCRS 14 62 10 4 P00 et 18 .00 01 52 10 4 P00 s 1 DELORS 01 2 10 4 s Bebh A DALONS 01 61 10 4 s (st A DALORS 1 42 10 4 s st PR RALCRS 10 62 0 4

A1EIOAN—ATIRINI<E /R

ZRBAMAE, DC gainilifE
R MR s L) 68+ MMEHE

ZI:/EEH# 3!&1#']1@%@/41.&']&%:.%
%Erﬁlinerpm)t-f#oMX s

[
°l
[&]

[
°I
&

1
[,

[
°I

—
o

~

Lo

N
-
S~
©
]
s
Red
& 0
.61
=
©
c
IQ
!
]
)
(a4

Frequency [Hz]
mmmmmmmmmmm

SEEXS (20135128 24H, FHEIZEHAEA)




Standard Bus
| w Isww Heater CTRL
Mission Module
Heater Mast
Sp'ace —| SpC€ TMP sens. Structure
Wire 2chj
- % | i2E EX ST
> | (e e B . il
) | - == 2 L2 Thrust
- o ! ESTE \ v = CTRL CTRL CTRL CTRL
; - ) Iy acevi re AOC/ A\Ce .o'ru - ’ - ¢ s
L i O e B = e I
h - - = S opt | L L | Rl hhedlbe—— 7l | [X]eeeee
e /\— T 7EPC R R . z
g ot b EEERCEING T TP S Laser
4 5"{ =3 . 38 @ ctor Housing e Thruster
@ - -

Sy A A BT BB WBOC 2—T T—RE Iy BOES R
%BAFL 7=, (16bit AD/DA. SpW 2ch)
SDS-1/SWIMpvOEHDEAR—RIZL TS,

» S, Iy avBERBOMASDEHRIICER

Fz. KV 7)-RITROBEDT=DHD, Iva iBOESMOS-DEEL
NABENMEABEHODEERETLTL<SBESLY,

-SEEHIX S (20135128248, FEHEIFE
3]



Fi$+E€1—-IBBM2

BBR30cmN777) - NO—H RS
DPFDALRIEB. ENRIREZZOREL

EREBm(#Ealm. /)R FERLEE)NICONT,

RIBHER(EE, IREIF )ETOTLK,
EFhzwpIcBREESREE- 21— NV 795,




FEHHES1-MICDOWT

XFRBMETTOERET AL

CNIXBTOHFabry-Perot iR B ORI{EILTREEE A

<~ 1030 nm Iaser source + fiber coupler :
Fibered EOM

b 49

Input optics (BBM2) —

..~' Y . .

i1 ="

8| Cavity (300mm) PRSI

T Y - ~"‘ V
'A-.':“-L:.f > -
Feedback to the piezo stage at the end mirror and Iaser source.
,in-r-

,,.
Tea 4-- -\.

The cavity can be operated. by Kasuga

-SEEHE (20135 12A 248, FHESE
A



ARV ARM DEF

Stringent requirements for the material
Magnetic susceptibility: < 10 (in SI unit)

Data, photo by Sato

Exploring the alloys

» Alloy of paramagnet / diamagnet
« Reasonable combination of elements
« Hopefully not “precious” metals

Al-Cu case
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