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•��5*&�9LISA6-KAGRA879��+
�����9,9	���<!0.

• DECIGO:2030��9�3�1<-�
(#
9B-DECIGO:2020��9�3�1<$�2
4/;.

DECIGO(#

DECIGO(#
• Decihertz 

Interferometer 
GravitaFonal Wave 
Observatory = DECIGO DECIGO-LISA-KAGRA9'�	���


9�) (S. Kawamura+, CQG, 2011)

KAGRA
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DECIGO7��"�

.
-,-: 100 kg

KO=O
-#/: 515 nm
-��CLO: 10 W
-�#��83: <1 Hz/rtHz @1 Hz

)�2
)�3

)�1
( (Fabry-Perot(FP)���)
-/4: 1000 km
-E:B>: 10
- 267)�18��59
KO=O�2��
= 	�
FP�$*

1000 km

.

FP���� ��

KO=O

DOG>FJ@?O

� ��

AI@<NEJO(DF))�

DECIGO7��!�+*
(S. Kawamura+, CQG, 2011)
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DECIGO@��$�

DECIGO@��#�.-
(S. Kawamura+, CQG, 2011)
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DECIGO7��"�

.

FP���� ��
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AI@<NEJO(DF))�
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DECIGO7��!�+*
(S. Kawamura+, CQG, 2011)
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•��#=0|GAOD|≫10|Gx|≫10
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1000 km.
-,-: 100 kg

KO=O
-#/: 515 nm
-��CLO: 10 W
-�#��83: <1 Hz/rtHz @1 Hz
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-/4: 1000 km
-E:B>: 10
- 267)�18��59
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= 	�
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B-DECIGO7��"�

100 km
100

1 W

30 kg

100 km

.

FP���� ��

KO=O

DOG>FJ@?O

� ��

AI@<NEJO(DF))�

)�2
)�3

)�1

DECIGO7��!�+*
(S. Kawamura+, CQG, 2011)
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DECIGO sensi5vity and science cases

DECIGO and B-DECIGO sensi5vity. B-DECIGO 
was called Pre-DECIGO formerly.
(S. Kawamura+, CQG, 2011)

1x10-16

- Observe intermediate-
mass black holes
->Reveal mechanism of 
formula5on of 
supermassive black 
holes

- Verify infla5on
-> Direct observa5on 
of the beginning of 
the universe

- Dark-matter 
(candidate) search [1]

- Test gravity theories [2]

- Study neutron physics
- Measure accelerated 
universe directly [3]

-> Dark-energy search

[1] R. Saito+, PTP, 2009
[2] K. Yagi+, PTP, 2010
[3] N. Seto+, PRL, 2001
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• Low force noise 
requirement (<1x10-16

N/rtHz)

– LISA Path Finder result 
@0.01 Hz: 4x10-15 N/rtHz

• Low S/C displacement 
noise requirement (<1x10-

19 m/rtHz @0.1 Hz)

– Low noise, high dynamic 
range, conRnuously variable 
thrustor is required.

– S/C alignment and drag-free 
control scheme (signal 

processing scheme) is 
necessary.

• First locking aVer iniRal S/C 
tracking.

Challenges for mission

• Interferometer configuraRon

– Dual-path Fabry-Perot cavity is 
most promising though.

– ConfiguraRon itself should be 
demonstrated.

– In any choice, pracRcal 
problem should be 
invesRgated.

• IntegraRon test

– Thruster, S/C tracking with 
Acousto-OpRc Deflector (AOD), 
and so on.
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• 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. OpPcal S/C alignment (~10 cm, 0.1 urad)

3. Cavity locking (~1 um)

First locking

step1 step2 step3
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• 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. OpPcal S/C alignment (~10 cm, 0.1 urad)

3. Cavity locking (~1 um)

First locking

step1 step2 step3

This locking scheme should be 

demonstrated before launch.
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• One thing which is need to be 
demonstrated is control 
topology changing according to 
opera>on phases.

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

• In observa>on phase, the S/Cs 
are controlled to follow mirrors.
= Drag free control

First locking

This part is 
fixed on S/C.

Free mirror
Follow S/C

S/C

This part is 
fixed on S/C.

Free mirror

Follow mirror
(Drag free)

S/C

chmod

During 
locking

During 
observa>on
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• In each phase, different 
techniques and 
schemes will be used.
• For example, AODs 

technique scanning 
opHcal path will be 
used.

First locking

Standing acoustic 
wave working as 
deflector.

~

Laser source
S/C 1

S/C 2

SchemaHc of AOD tracking technique.
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Suspension for mirror in test bench

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

Replaced by mirorr
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SWIM
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SWIM
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Frequency shi6

Laser 

source

I
2

cell

To main arm cavity

Double path AOM system [1].

[1] D. J. McCarron, “A Guide to Acousto-OpPc Modulators”

f
m

/2

fc

fc+ f
m
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• Does a drag-free S/C consort with an 
optical cavity?

Drag-free control

Mirror

S/C IS/C II

Made by S. Kawamura.
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Drag-free control

Local 
sensor

Thruster
Thruster

Relative displacement signal 
between mirror and S/C

S/C II S/C I

Mirror

Made by S. Kawamura.

• Does a drag-free S/C consort with an 
optical cavity?
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Drag-free control

Actuator
Interferometer signal

�GW signal�

S/C II S/C ILocal 
sensor

Thruster

Mirror

Made by S. Kawamura.

Relative displacement signal 
between mirror and S/C

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

Thruster

No signal 
mixing


