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Basic concept of DPF
DECIGO Pathfinder (DPF)

First milestone mission for DECIGO
Shrink arm cavity
DECIGO 1000km - DPF 30cm

Slide by Ando, modified

DECIGO

Single satellite

(Payload ~1m?3, 350kg)
Low-earth orbit

(Altitude 500km, sun synchronous)

30cm FP cavity with 2 test masses
Stabilized laser source
Drag-free control

will be performed. Thruster

12th DECIGO Workshop 2013108278 (H) FERXZ/AE




Laser source : 1030nm, 25mW
IFO length : 30cm

Finesse : 100, Mirror mass : 1kg
Q-factor : 105, Substrate: TBD
Temperature : 293K
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Slide by Ando
Satellite mass : 350kg, Area: 2m?2
Altitude: 500km
Thruster noise: 0.1uN/Hz1/2

(Preliminary parameters)
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Cavity length: 30cm
Laser: 1030nm, 25mW
Finesse: 100

Mirror mass: 1kg
Q-value of a mirror: 10°

Laser Frequency
noise

Shot noise
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Frequency [HZz]
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Slide by Ando

DPF Payload = [
Size : 950mm cube _';_"r:fz';;';r ead -
Weight: 150kg | Stabilized

Power : 130W , Laser source
Data Rate: 800kbps
Mission thruster x8 : ,
I Computner

Power Supply
SpW Comm.

Satellite Bus
(‘Standard bus’ system)
Size :
950x950x1100mm

Weight: 200kg

SAP : 960W
Battery: 50AH
Downlink : 2Mpbs
DR: 1GByte
3N Thrusters x 4

Satellite
Bus system

Bus thruster Solar Array

Paddle (SAP)
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Schematic diagram of DPF puylo '>!“

Mission weight : ~150kg Drag-free control

Mission space : ~95 x 95 x 90 cm Local sensor signal .
. - Feedback to thrusters _
y Thr'uster :

Drag-free control Gravitational-wave detector
Stabilized laser (Fabry-Perot interferometer)

\

S | Iodine A Local
Freq. Reference  giper sensor
: = o EOM h
. coupler T
Frequency 'E m
Stabilization [ ] Frequency | ‘
Doubler

Housing

Proof mass
PD Y

A B {_}, ™ 2
Coupler “ Optncal GW signal
Ib:YAG Isolator fiber @ X’ D . D o
S Osc. Demod. Interferometer control

Fabry-Perot interferometer
Finesse : 100
{ength : 30cm -
Test mass : ~a few kg
Signal extraction by PDH

Slide by Ando

Laser source :
Yb:YAG laser (1030nm)
Power : 25mW °
Freq. stab. by Iodine abs. line
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Schematic diagram of DPF payload

Mission weight : ~150kg Drag-free control

Mission space : ~95 x 95 x 90 cm Local sensor signal
- Feedback to thrusters

Thruster
Drag-freeontrol Gravitational-wave detector

Stabilized laser N » ferometer)
) ) K.D_%//\\ Ech:U
2] | | todine B RDEE

Housi
Freq. Reference Fiber ousing

N coubler EOM — "w.hv i i
Frequency Yy 7 E_@—._’ﬁ ‘
Stabilization T D Frequency I | L

~—4@—@Q I pim Proof mass

y / PDY  (Mirror)

] ———r O

GW signal
Yb:YAG S Isolator % R—p> y, >0
Laser source 7
Osc. Demod. Interferometer control

w
J Actuator

Fabry-Perot interferometer
Finesse : 100
{ength : 30cm -
Test mass : ~a few kg
Signal extraction by PDH

Slide by Ando

Laser source '
Yb:YAG laser (1030nm)
Power : 25mW °
Freq. stab. by Iodine abs. line
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« Evacuation sys’rem N, will be purged after it launched
ERYADO—>FOVIHR
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Characteristics
* Rigid structure
« Vacuum: 10¢ Pa
« 30cm cavity arm length
Input optics (BBM2)

Developed by A. Uedo
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Requirements (@ 0.1Hz) BET>Y &

Sensor noise: < 0.1 nm/rtHz 773173

Actuator range: > 10 uN SHERT 2

Actuator noise: < 101> N/rtHz (EETEE T [CBANRL)

Stiffness: < 10652 SIEMEROEE SRS,
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Discharge
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« A=Al — SHERY 2\ UV TD
Breadboard Model

v [+ BBREAR
FHEAAR
=« O—71)L actuator \
-1 JL-magnet
HEIIATR

Xt ) A X7Z2 T DI

oY/ 7 FiT=5H

B s
FUBR N A INA 7 R FAEBIR
50mm7H (for sensor)
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- Fiber-based Fabry-Perot Interferometerz{E£> JzEEREtZ > 1,
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Input Optics (monolithic)

-

Test mass module
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National Astronomical
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YFREPmMICITZ AL TD30cm %;EIEEEODEM’FTZ ~

< 1030 nm Ioser source + fiber coupler
Fibered EOM

\ SN ke | - O
Inpu’rop’rlcs BBM2) ON e |

y : : : : . _ e — . ,‘
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. o e R l : N Cavity (300mm) §
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. W .. . ! ’ y Feedback to ’rhe piezo s’roge at ’rhe end mlrror ond Ioser source. | :

The cavity can be opero’red by Kasuga
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(Ground—based test setup
» Double torsion pendulum
» 2DoFs “microgravity” environment

0001
calibration

L i X error with control

L g7 X error without control
§ 0.0001 - . ‘ ‘
t
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5 1e-006
1e_007 \ \ R T T N A \ \ R T T I
0.01 0.1 1
frequency [HZ]
BT R .
n Double Torsion Pendulu
J
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1 I\D2 2T 88
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Data, photo by Sato

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

Exploring the alloys

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

Al-Cu case
wt%
C 10 20 30 40 50 60 80 )
=TT T T ] Example: -4x10°
1083 . , . e
o e - Al-Sn case Typical Be-Cu s{i_nagnehc suscepfibility is1e-4~1e-5.
1000f— %\ : 4.0E-05 PR
- P . wids | o TRk} BAL#
Vo g . ] C10 40 60 707580 8 92 96 99 -
800|— ~-\ LA X 80E-05 ¢ 700 ‘Kﬁb:o' S T T T = 1 | Be-Cu(ALLOY17410) 9.94X10%
AR i 5
700} p \ ' = l'.‘ A; =5 — 669 % 00— O 1 —— s 2 | Be-Cu(BRUSH®60) 2.26X10
600 o 1721 - or<f| 12604 & 500— N i 3 | Twt%A1-93wt%Cu -7.04X 106
A 1T 232 P
500{— A {1548 — A 400 ] e d 4 | 12wt%Al-88wt%Cu -4.34X10°
- :' & = ol GEO oo 300 = W B ) WAV RS A e R I
i"n 7, 2 -0E-06
300 i 200 — 6 | 19wt%Al-81wt%Sn 1.10X10%
-2 ()< ———L—L— - - - - - ).0E+ W 3
ZOOCO 10 20 30 40 }o 60 70 80 90 1}(\)? s IOOO“OL'QO 20 40 30 60 70 8O\ 90 1806"[ e 7 29wt%Al-71wt%Sn 1.33X 105
u at % Al at % n 0 b 0 -5
W3 sal AI=Cu (WEL: AR s - 114 Al=Sn 8 39wt%Al-61wt%Sn 1.55X10
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