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To main Signal from main interferometer

interferometer (can control frequency of the laser
injected to the main inteferometer)

—

Laser system

________________

1
1+ Seed laser

PBS A4 Beam dump

0Oth
d H
I aAom st

A
4

A FBS

A
2

lodine cell PD

e

Frequency stabilization

2 7 NRA AOM ExH\wic L — ¥ — L EL OB, FBS, fiber beam splitter; hogehoge.
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DECIGO sensitivity and science cases

- Dark-matter
1 (candidate) search [1]

Pre- DECIGO o*
/JOM&W ’0

10-22 i T . .
- - Test gravity theories [2
Rmonths""l -’u‘i) 8 y [2]

Strain [Hz'1/2]

102 | ..':.'u ]
1024 | 2’ .'Vs * - Study neutron physics
_ Verify inflation Correlation ¥/ - Measure accelerated
-> Direct observation| 10 | |nfiation universe directly [3]
of the beginning of 1026 (QIGWN 1x1020\ , \ Ic°a'escle"°e -> Dark-energy search
the universe 103 102 10! 1 10 10?2 103
Frequency [Hz]
DECIGO and B-DECIGO sensitivity. B-DECIGO [1] R. Saito+, PTP, 2009
was called Pre-DECIGO formerly. [2] K. Yagi+, PTP, 2010
(S. Kawamura+, CQG, 2011) [3] N. Seto+, PRL, 2001
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Challenges for mission

* Low force noise * Interferometer configuration
requirement (<1x107 — Dual-path Fabry-Perot cavity is
N/rtHz) most promising though.

— LISA Path Finder result — Configuration itself should be
@0.01 Hz: 4x101> N/rtHz demonstrated.

e Low S/C displacement — In any choice, practical
noise requirement (<1x10 problem should be
19 m/rtHz @0.1 Hz) investigated.

— Low noise, high dynamic * Integration test
range, continuously variable — Thruster, S/C tracking with
thrustor is required. Acousto-Optic Deflector (AOD),
—S/C alignment and drag-free and so on.

control scheme (signal
processing scheme) is
necessary.
* First locking after initial S/C
tracking.

HAYIEFZR20183FEMERE (EMKE KT v/ X, 20185E9H 16H)



First locking

* First locking is one of the most serious
problems of DECIGO/B-DECIGO.

* “First locking” can be divided into 3 steps.
1. S/C tracking (~*10 m, 100 urad)
2. Optical S/C alignment (~10 cm, 0.1 urad)
3. Cavity locking (~1 um)
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First locking

e First locking is one of the most serious
IOkahis locking scheme should be

. «gircdemonstrated before launch.

1. S/C tracking (~*10 m, 100 urad)
2. Optical S/C alignment (~10 cm, 0.1 urad)
3. Cavity locking (~1 um)
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First locking

S/C
Follow S/Ck

Free mirror

-

Th|s part is
fixed on S/C.

* One thing which is need to be
demonstrated is control
topology changing according to
operation phases.

During
locking

* In locking phase, the mirrors el
are controlled to follow S/Cs.

S/C
Follg m|rror

* |n observation phase, the S/Cs (D agfrgreeemlrmr
are controlled to follow mirrors.

-

Th|s partis
During ﬁxed on S/C

observation

= Drag free control
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First locking

* In each phase, different
techniques and
schemes will be used.

* For example, AODs
technique scanning

deflector.
optical path will be | /
used.

Standing acoustic
wave working as

Laser source

Schematic of AOD tracking technique.

HAYIEFZR20183FEMERE (EMKE KT v/ X, 20185E9H 16H)



Suspension for mirror in test bench

0 ¢ Y
X ‘/“ Fibre 1
0, |?
Balance Bar S
~: Fibre 2 Counterweight

Replaced by m|rorr9, et

D =65,

MwWe ’Ax

Figure 1. Simplified model of the two-stage torsion pendulum scheme.

System used for development of internal sensor of LISA. (Z B Zhou et al, CQG 27 (2010))
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SWIM

Compact Gravitational Wave Detector: SWIMpuv
s SWIMuv Torsion Antenna Module

| s
- Sensor module to demonstrate SpW communication il
- Observation of GWs (Design: ~10-7 /Hz1/2)

- Monitor the satellite environment as accelerometers

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

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

2'TAMs
in the frame

Coil
Used for test-mass
position control
Max current ~100mA

3% X . hid}

Photo sensor

Reflective-type optical
displacement sensor
~900nm Infrared LED, 4PDs
Separation to mass ~1mm
Sensitivity ~ 102 m/Hz/2

6 PSs to monitor mass motion

Wataru Kokuyama et al., Amaldi8 Conference (June 24, 2009, Columbia University, New York) 7
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SWIM

Compact Gravitational Wave Detector: SWIMpuv

m Test Mass Position Control
= Vertical ("Z") and rotational (“Yaw"”) degree of freedom: feedback-controlled
= The rest four DoF: passively stabilized by magnetic potential
= Feedback system with digital PID filter implemented on FPGA [11]

= wapery
=

RER

I Digital Photo Sensors e
. Filtering measure the distance ~ "PS/ (i9tal Fiten)
ternn  huuaes between sensors |
: and test mass  PEESEERATIT
E t = EFiangual
E “Z,’ | S ~ » } i
§ \\YaW” B g R y

Torque induced by
Magnet gravitational waves

Two Torsion Antenna
Modules assembled

3 e 0 .

ADCs and Multiplexers

Wataru Kokuyama et al., Amaldi8 Conference (June 24, 2009, Columbia University, New York) 8
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Frequency shift

To main arm cavity

A
fet fm
fl 2
PBS AP M E) AP Mirror
(AOM OFF) |
e b= —
P4| yf I Pl Py T
(o
Laser v |’ Lensl AOM - = Lens2 W4
SO u rce I** ORDER)

, cell

Double path AOM system [1].

[1] D. J. McCarron, “A Guide to Acousto-Optic Modulators”
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Drag-free control

* Does a drag-free S/C consort with an
optical cavity?

Mirror

Made by S. Kawamura.
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Drag-free control

* Does a drag-free S/C consort with an
optical cavity?

Relative displacement signal
between mirror and S/C

Local
sensor

/ Mirror \
Thruster

Thruster

Made by S. Kawamura.
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Drag-free control

* Does a drag-free S/C consort with an
optical cavity?

Relative displacement signal
between mirror and S/C

Local
sensor

/ Mirror

Thruster

Actuator
Interferometer signal

(GW SIQnaI) Made by S. Kawamura.
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