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https://en.wikipedia.org/wiki/Eclipse_(horse)
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TVĈ)¨�ĄċļXµ
(0.1 mHz-10 Hz)

LIGO Livingston (Credit: 
Caltech/MIT/LIGO Lab)

Einstein telescope
(http://www.et-
gw.eu)

LISA (Credit: EADS Astrium)

DECIGO (S. Kawamura+, 
CQG, 2011)
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•¢aķÿà�ļLISA
ĸĘKAGRAĺĹļD�
Ĉ)¨�#?ļĎļ
:¨�cŐ²Ğę

DECIGOê»

DECIGOê»
• Decihertz 

Interferometer 
Gravitational Wave 
Observatory = 
DECIGO

DECIGOĘLISAĘKAGRAļç¬:¨�cF
ļ¤û (S. Kawamura+, CQG, 2011)

KAGRA
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DECIGOĸB-DECIGOļvg

DECIGOĸB-DECIGOļvg�Öĸ
tĨōŌ
Ĉ)¨­ļŢŸśūƂę
(S. Kawamura+, CQG, 2011)

1x10-16

-�ĎöĊŴƀŨśŹƈ
Ƃļç¬
->÷bNŴƀŨśŹƈ
Ƃļ¸wāÇļé�

-ŔƆųƃƈŠſƆļ
�í
-> TVñ¸Àmļ
PļÀ�ç¬

-�ė°ö(ļ�ã)
ļ�� [1]

-Ĉ)·óļ�í [2]

-�sQ°·ļÂÈ
-TVÜiļ³Êġĵ
À�ĺ¬W [3]

[1] R. Saito+, PTP, 2009
[2] K. Yagi+, PTP, 2010
[3] N. Seto+, PRL, 2001

B-DECIGO

�(ĽPre-DECIGOĸ<ľōĶĝıę
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DECIGOļ�S�w

ċ
-öĊ: 100 kg

ƃƈşƈ
-¨Č: 515 nm
-�]űƅƈ: 10 W
-:¨��ŊĤ: <1 Hz/rtHz @1 Hz

â�2
â�3

â�1
Û (Fabry-Perot(FP)�~?)
-ČĨ: 1000 km
-ųœŮŢ: 10
- 2ĵļâ�ġŊ�]īŌ
ƃƈşƈ�Ģ�R
= 0�7FPdªê

1000 km

ċ

FP�~?��#?

ƃƈşƈ

ŲƈżŢŵƁŨťƈ

��#?

ŬƀŨŜƇųƁƈ(DF)â�

DECIGOļ
��rìê
(S. Kawamura+, CQG, 2011)



Û (Fabry-Perot(FP)�~?)
-ČĨ: 1000 km
-ųœŮŢ: 10
- 2ĵļâ�ġŊ�]īŌ
ƃƈşƈ�Ģ�R
= 0�7FPdªê

ċ
-öĊ: 100 kg

ƃƈşƈ
-¨Č: 515 nm
-�]űƅƈ: 10 W
-:¨��ŊĤ: <1 Hz/rtHz @1 Hz
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â
�

3ġ
Ŋ

â
�

1ġ
Ŋ

â�2
â�3

â�1

"ČsĘċļ�Ģ_ĺĝĸĝĞ&¯

DECIGOļ
��rìê
(S. Kawamura+, CQG, 2011)
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DECIGOĸLISAĸKAGRA

KAGRA

HÖČ

�S�w

TV/D� D� (D�)
3 km

cF2LE
dªê
(À�dªE)

�äDF'n

ç¬cF 10-104 Hz

LISA
TV

250� km

�ūƀƆŢ
źƆŦ�h
(Ď�dªE)

pä

10-4-10-1 Hz

DECIGO
TV

1000 km

0�7FP
dªê
(À�dªE)

pä

10-1-10 Hz
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•XĖ¾�ëŇpäę

DECIGOXµļıņĻpäĺħĸ



|N!`ÂŻƈũœƆŜ (Z`NSĘZ`Ę2019e8�21�) 28

dªê'ny§ļÄÊ

• įŇįŇĘĹļŉĞĺ'n�hĺŊ0�7FPd
ªêĽ+�īŌļġę

–ČĨ'n
–èg'n

• įļ�ķĘä¥�Ő¦W
–vg (ŢŸśūƂ) ĲĦķĽĺĥĘ+�ļıņĻp
äĺŇļ (RMS)Ňę

•XĖ¾�ëŇpäę

DECIGOXµļıņĻpäĺħĸ
DóGË



|N!`ÂŻƈũœƆŜ (Z`NSĘZ`Ę2019e8�21�) 29

dªê'ny§ļÄÊ

• įŇįŇĘĹļŉĞĺ'n�hĺŊ0�7FPd
ªêĽ+�īŌļġę

–ČĨ'n
–èg'n

• įļ�ķĘä¥�Ő¦W
–vg (ŢŸśūƂ) ĲĦķĽĺĥĘ+�ļıņĻp
äĺŇļ (RMS)Ňę

•XĖ¾�ëŇpäę

DECIGOXµļıņĻpäĺħĸ

ß�@ļūƈśę

ß (�ćĻĵĝĶĽ)
2019eU�Â�ĎI9�ę

ß (�ćĻĵĝĶĽ)
9�ļ°·S�ę

DóGË



|N!`ÂŻƈũœƆŜ (Z`NSĘZ`Ę2019e8�21�) 30

dªê'ny§ļÄÊ

• įŇįŇĘĹļŉĞĺ'n�hĺŊ0�7FPd
ªêĽ+�īŌļġę

–ČĨ'n
–èg'n

• įļ�ķĘä¥�Ő¦W
–vg (ŢŸśūƂ) ĲĦķĽĺĥĘ+�ļıņĻp
äĺŇļ (RMS)Ňę

•XĖ¾�ëŇpäę

DECIGOXµļıņĻpäĺħĸ

ß�@ļūƈśę

ß (�ćĻĵĝĶĽ)
2019eU�Â�ĎI9�ę

ß (�ćĻĵĝĶĽ)
9�ļ°·S�ę

DóGË



31

• FP�~?ĸŬƀŨŜųƁƈ'nļ�ÊsŐÄ
ðīŌıņĻĘũŢūŷƆŧŐ�ÎŐĩĶĝŌę

–ħļũŢūŷƆŧĽĘ�Sć$ (dªê)ĸĘ �
ć$ (ŬƀŨŜųƁƈ)ļ��Ő}ĵę

dªê+�îĖļıņļũŢūŷƆŧ

Test on 
ground

Vacuum 
chamber

1 m

Suspended optical bench
Suspended mirror

Schematic of DECIGO 
(S. Kawamura+, CQG, 2011)

10
00

 km

In space On ground
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ũŢūŷƆŧļ�rA

Schematic of test mass (left) and optical-
bench (right) suspensions.

Schematic of optics.

Picture of suspended optical bench.
Experiment to demonstrate 
Dual-Pass FP interferometer.
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B-DECIGOļvg

B-DECIGO

DECIGO

Bp-DECIGO

(B-DECIGO with
 P in

=1 W
)

Bp-DECIGO
L = 10 km 
F = 1000
m = 5 kg
Pin = 10-4 W

B-DECIGO
L = 100 km 
F = 100
m = 30 kg
Pin = 33 mW

DECIGO
L = 1000 km 
F = 10
m = 100 kg
Pin = 10 W

Only quantum noise 
= target sensitivity
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B-DECIGOļvg
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• Displacement noise

B-DECIGOļvgä¥

• Force noise

4x10-18 m/rtHz (x0.2) [>0.1 Hz]
9x10-17 N/rtHz (x0.2) [<0.1 Hz]

If safety factor = 5



|N!`ÂŻƈũœƆŜ (Z`NSĘZ`Ę2019e8�21�) 38

B-DECIGOļä¥�Ńĸņ
B-DECIGO

3x10-19 m/Hz1/2

4x10-18 m/Hz1/2

1 Hz/Hz1/2

100 km

4x10-18 m/Hz1/29x10-17 N/Hz1/2

S/C mass: 300 kg
Test mass: 30 kg

2x10-9 N/Hz1/2

1x10-12 m/Hz1/2

104

Local sensor noise
1x10-12 m/Hz1/2

36000 km ??????

2x10-8 T/Hz1/2

1x10-8 T/m

2x10-17 N/Hz1/2

10-10 Pa

1x10-17 N/Hz1/2

1x10-8 K/Hz1/2

100%
1x10-17 N/Hz1/2

Maybe more frequent? ↑

3x10-6 T?
D¶ÅJ
2x10-5 T

1x10-17 N/Hz1/2

ŒśŧžŖƈťđē
1x10-15 N/Hz1/21x10-17 N/Hz1/2

3x10-17 N/Hz1/2

B-DECIGO
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B-DECIGOļůŔţŰšŕŨū

M
agnetic

Sol. rad.

Th. rad.

Actuator

Earth gravity gradient

Gas th.

Freq. noise

Substrate th.

Coating th.
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DóGË
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•��ļŉĞĺĘ.Òĺ�wķĽ+ġĺĝę
–1ĵļÛļČĨŐ2ĵļ'nĢ+ġįĞĸīŌıņę

(DCķĽħōĽĆĦŊōĺĝęĵŃŋ'ncFŐ$
ĦŊōĺĝę)

+ġĺĝ�w ('nĢÃÕ)

.ÒĺDual-pass locked Fabry-Perot interferometer.

2018e5�
U�Â�ĎI9�

|N!`ÂŻƈũœƆŜ (Z`NSĘZ`Ę2019e8�21�)
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• AODŐŒśŧžŖƈťĻ�ĞJ5Ę'nĽwŋÊĵĢĘ
vgĢ/ĩĝę
– �¾ĻĽĘVCOđēĢNģĝę
–µCļKAGRAķ1 Hz/rtHzę(ä¥�Ľ6x10-9 Hz/rtHz)
– (ĒĩįĞĲĢ)LISAļŉĞĺTDIŐq¹ķģŌ2ÚsĽĜŌę

+ġĺĝ�w (vg�ø)

AODŐ�Ĵı�wę

2018e10�
DECIGO workshop

|N!`ÂŻƈũœƆŜ (Z`NSĘZ`Ę2019e8�21�)
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•��ļŉĞĺ�hĽ+ĥę
–ıĲĩĘÛļČĨŐÏgŉĥ(~0.1 m)5ŏĭŌpä
ĢĜŌę

+ĥ�wƉ�1Ɗ

x1b
x3b

x3a
x2a

x2c
x1c

f3

f2

(b)(a)
f1

e1c

e2a

e3b

e1b

e2c

e3a

SAT2

SAT1

SAT3

M2a

C
av

. a

Cav. b
Cav. c

M2c

M3a

M3b

M1b

LAS2 LAS3

LAS1

M1c

Gf2

Gf1

Gf3

Gx2 Gx3

Gf1

Gx3

Gf3

Gf2

Gx2

B-DEICOGdªê�hƉ�1Ɗę�~?ČĨŐÏgŉĥ5ŏĭŌpäĢĜŌę

2019e4�
U�Â�ĎI9�

|N!`ÂŻƈũœƆŜ (Z`NSĘZ`Ę2019e8�21�)
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• ŽƁŨū
–�wĢŠƆŵƂę
–ùĂ�ķļò�ķĔiōŌę

•ŪŽƁŨū
–ùĂ�ķļò�ŐĔiŌpäĢĜŌę
•_ĺĥĸŇ2ĵļÛļČĨŐ0.1 mļÏgķ5ŏĭŌpä
ĢĜŌę

• 0.1 mĽĘjgđēřŨŵƁƆŜ (RIN = 10-6 1/rtHz)ġŊ�
ĶĝŌę(0.1 mļĸģĘ!"

#.%&
' RIN = 3x100%1 m/rtHz)

•ĸŋĜğĬ�3Ģ1ōōľßĝĸĝĞu;ķĽĘ
1 kmļÏgķßĝ (1 km = L/Finesse)

–īŀĶļÛĢ6Áķ+ĥpäĢĜŌę

+ĥ�wƉ�1Ɗ
x1b
x3b

x3a
x2a

x2c
x1c

f3

f2

(b)(a)
f1

e1c

e2a

e3b

e1b

e2c

e3a

SAT2

SAT1

SAT3

M2a

C
av

. a

Cav. b
Cav. c

M2c

M3a

M3b

M1b

LAS2 LAS3

LAS1

M1c

Gf2

Gf1

Gf3

Gx2 Gx3

Gf1

Gx3

Gf3

Gf2

Gx2

(DECIGOļL�vg 4x100%3 m/rtHz)

1.5 GHz (=FSRxL/ΔL) 
ĬŊīĸßĝvĪ
ļJxĢĜŌę

|N!`ÂŻƈũœƆŜ (Z`NSĘZ`Ę2019e8�21�)
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• 1ĵļâ�Ļ2ĵļƃƈşƈŐ�üĩĘįōİ
ōÛ�~?Ļ�ōĶUW-ĨĭĶdªĨĭŌę

–'n¾ĻĽ>ĕĺĝę
–â�!ļ~+ĢÀ�đēĻĺŌę

+ĥ�wƉ�2Ɗ

NO IMAGE

B-DEICOGdªê�hƉ�2Ɗęâ�!~+Őġĺŋ�ĥīŌpäĢĜŌę
|N!`ÂŻƈũœƆŜ (Z`NSĘZ`Ę2019e8�21�)
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• ŽƁŨū
–įōİōļÛŐ³ÊĻĀ¹ķģŌę
•ÛĢ6ÁĻ+ġĺĥĶŇŉĝę

• ŪŽƁŨū
–â�!ļ~+ĢÀ�đēĻĺŌę
• 0.1 HzķļCMRRĽôĲĢĘB-DECIGOļL�vg (=4x10-18

m/rtHz) x CMRR x Finesseļä¥�ĻĺŌę
–�kĽŶũƄŦŔƆ¬WĲġŊM$ăĞę

• ĳĺńĻĘŢƀŢťƈđēĻŉŌâ�L+Ľ2x10-11 m/rtHzę

• ŽƁŨū or ŪŽƁŨū (ŉĥ$ġŊĺĝ)
–ŶũƄŦŔƆ¬WĢpä

+ĥ�wƉ�2Ɗ

|N!`ÂŻƈũœƆŜ (Z`NSĘZ`Ę2019e8�21�)
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•űƀŽƈťĽ8�ę4ċļ�×ƇP,ĸĘ�]
Ųƈżļ�ÿƇègę

•¬WĊĽ6�ęŲƈżļĈoġŊļĬō (Ūœ
şƈx2)ĸ�]úĸ�~?úļĬō (WFSx4)ę
• 8–6 = 2ĽH®ĸĺŌÀÖĻ[qīŌę
–�1: 2ĵļċļĈoŐÓĿÀÖę
–�2: �]ŲƈżļÀÖę

DECIGOļèg'n

(θTM1, yTM1) (θTM2, yTM2)

(αIN2, δIN2)(αIN1, δIN1)

�~?ļASCļűƀŽƈťĸç¬Ċę

a b

(αWFS2, δWFS2) = (αCav-αIN2, δCav-δIN2)(αWFS1, δWFS1) = (αCav-αIN1, δCav-δIN1)
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•�~?A (2ĵļċļĈoĢH®)
– a, b à θTM2, θTM2

– a, b, αWFS2(3), δWFS2(3) à αIN2(3), δIN2(3)

DECIGOļèg'n

x1b
x3b

x3a
x2a

x2c
x1c

f3

f2

(b)(a)
f1

e1c

e2a

e3b

e1b

e2c

e3a

SAT2

SAT1

SAT3

M2a

C
av

. a
Cav. b

Cav. c

M2c

M3a

M3b

M1b

LAS2 LAS3

LAS1

M1c

Gf2

Gf1

Gf3

Gx2 Gx3

Gf1

Gx3

Gf3

Gf2

Gx2

�~?A
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•�~?C (BŇ6�) (�]ŲƈżĢH®)
– a, b, αWFS1, δWFS1 à θTM1 , yTM1 (θTM3, yTM3)
– a, b, αWFS3, δWFS3 à θTM3, yTM3, αIN3, δIN3

DECIGOļèg'n

x1b
x3b

x3a
x2a

x2c
x1c

f3

f2

(b)(a)
f1

e1c

e2a

e3b

e1b

e2c

e3a

SAT2

SAT1

SAT3

M2a

C
av

. a
Cav. b

Cav. c

M2c

M3a

M3b

M1b

LAS2 LAS3

LAS1

M1c

Gf2

Gf1

Gf3

Gx2 Gx3

Gf1

Gx3

Gf3

Gf2

Gx2

�~?C �~?B
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•vgä¥
–ċ (ŲƈżĢkıŌ�×ļĈoġŊļţƃ(~1 mm)
ĸļřŨŵƁƆŜ)

à 4.5x10-15 rad/rtHz @0.1 Hz

• RMSä¥
–�~?B, CĻ�]īŌƃƈşƈúļţƃ (â�1ļ
ċŐĘċ:ŋļ1 mmÉĐ$+ġĨĺĝŉĞĻīŌ
ä¥)

à 10-8 rad (ŬƀŨŜųƁƈ¹ļŤƆŞƈ�Í: 10-9 m)

èg�7ļä¥�

â�B, CļŬƀŨŜųƁƈ'nļÏgķ¦ŃŌę

ċļÀlĢÑ0.1 mĸĩĶêÍ (10-8 rad x 0.1 m)ę
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1. ŘƈŰƈŧžŒ
2. fó
3. DECIGOXµļıņĻpäĺħĸ
4. ŃĸņƇÓó

¿¡
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• DECIGOĽĸĶŇßĝĈ)¨�ĄċķĜŌę
–ĚDECIGOĢĜōľ
ļ�#?ĽĝŊĺĝęě

• DECIGOļdªêŐ+ġīıņĻĽĘD�d
ªêĸĽ¼ĺŌ'n�§ŐØğŌpäĢĜŌę

–ČĨ'nĻĠĝĶĽÛļČĨļò�Ģpä
–èg'nĻĠĝĶĽ2ĵļċļĈoŐÓĿÀÖŐ
H®Ļ'nīŌĸĝĞy§Ģpä

•dªê¾ĻĽĘĔiōľķģįĞę
–ĜĸĽĘâ�ġŊļä¥ĸļīŋ5ŏĭĢpäę

ŃĸņƇÓó


