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Laser Interferometer Space Antenna
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DECIGO

Deci-hertz Interferometer Gravitational Wave Observatory

* A space laser interferometer concept proposed in 2001 [1]
Fill the gap between the ongoing space interferometer antenna (LISA, TianQin, Taij1)
and terrestrial detectors
Confusion noise expected to be low
* Enabling extremely high sensitivity
Fully exploit the multi-band gravitational wave observation
Highly rewarding but challenging
DECIGO working group

* Leader changed from Prof. Kawamura to Prof. Ando in April 2024
* 101 members (as of 2022 Dec.)

[1] Seto, Kawamura, Nakamura, Phys. Rev. Lett. (2001) Slide 16



Pre-conceptual designy,

Arm length: 1,000 km
* Inter-satellite Fabry-Perot

* Mirror diameter: 1 m

* Laser wavelength:515 nm Drag-free
 Finesse: 10 spacecraft
* Laser power: 10 W
* Mirror mass: 100 kg
e S/C: drag free

* 3 interferometers ]
 Heliocentric orbit
e 4 clusters
detector

Thruster—\ J Slide 17




Science Cases

Slide from S. Kawamura

Intermediate-
mass BH

Forecast of BNS
coalescence

Takahashi, Nakamura
APJ 2003
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Dark Matter

Saito, Yokoyama
2009, 2011

General

relativity

Yagi, Tanaka 2010

Acceleration

of expansion
of Universe
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Thermal history of early Universe

p— 1 5 [ L | 3 |
* Reheating energy scale provides hints for inflatons —_— m2¢2 ]
* Thermal history of early Universe — ¢4 .
-19.9 ' : =
* Reheating energy scale changes the transfer function §f eseeeees Piéur;m R
* Resulting in different PGW spectra [1] - ' : ¢ Pll |
= ;o natural |
C . . O . 1 6 ¥ N : - f =m : |
* Complementary to ongoing CMB experiments \C“/ p!l ]
 LiteBIRD, ground-based CMB expreiments = . W hybrid
m . -~ 0 - 2o i
O o
« Additionally a variety of experiments i 6.5 sl
* Parity violation [2] .
» Searches for vector and/or scalar modes [3] |
| ! |
-2 -1 0 1 2
1] Nakayama+ JCAP 2009
H S e log 1 o(fo[Hz])

[3] Nshizawa+, 2010 Figure Kuroyanagi+, Phys. Rev. D 83, 043514 (2011)



Recent conceptual studies ===

* Optimization of quantum noise using quantum locking [2-4, 7]
* Noise studies on inter-satellite Fabry-Perot cavities [1][5]  Figuefom[)]
* Acousto-optic deflector for satellite positioning [7] | spaccerar

Sub-Cavity

Demonstration of dual-pass Fabry-Perot [6]

Joemmnn Remote End ----._ NI
Signal beam =———> i X
Local beam =——> . '

Hg

Main Cavity

Spacecraft

10 MHz

Figure from [§]

0sc DPDFPI

[1] K. Tsuji+, Galaxies 12(2) 13 (2024) FP S -

[2] K. Tsuji+, Galaxies 11(6) 11 (2023) Auxiliary interferometer

[3] T. Ishikawa+, Phys. Rev. D 107 022007 (2023) Laser , === opticalfiber | [ : movable stage

[4] T. Ishikawa+, Galaxies 9(1) 14 (2021) “ o | coMmetor : filter for control : with a micrometer

[5] S. Iwaguchi+, Galaxies 9(1) 9 (2021) FP N | B foor ! () signal generator ! B beam dump

[6] K. Nagano+, Class. Quantum Grav. 38 085018 (2021) W miror YT S beamspliters | @ mixer ' [E9& data acquistion system Slide 20
[7] R. Yamada+, Phys. Lett. A 384(26) (2020) | beamspiiter | = mercom | <3| lowpassfiter :

[81 M. Musha+. ICSO proceedines. SPIE (2019) D photodetector 1+ — ! :




Roadmap

2034

R&D

= | Fabrication Fabrlcatlon Fabrlcatl
&
o
=)

B-DECIGO

DECIGO

g Detection of GW
Tcg' Full GW
= Test FP cavity astronomy
& between S/C
(7)) 3 S/C,
8 3 .SIC 3 interferometers
e 3 interferometer
® 4 clusters

Slide 21
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B-DECIGO

Astrophysically meaningful, yet paving the way towards DECIGO Drag-free

spacecraft

______________B-DECIGO DECIGO A A

FP cavity

Interferometer type Differential Fabry-Perot Differential Fabry-Perov. = etecter
Arm length 100 km 1,000 km

Mirror diameter 30 cm 1 m

Laser wavelength 515 nm 515 nm

Finesse 100 10

Laser power 1'W 10 W

Mirror mass 30 kg 100 kg

S/C Drag-free controlled Drag-free controlled

Orbit (TBD) Heliocentric, cartwheel

# of clusters 1 4 Slide 23



Science objectives

* Observation of NS-NS (BH) binary
* Forecast BNS (or NS-BH) coalescence

* 100 /year = Science driven

* Revelation of origin of ~30 M BBH (Nakamura+ 2016)

* Better parameter estimation of binaries (Isoyama+ 2018)
* Removal of foreground for DECIGO

Te_chnology
e Verification of technologies for DECIGO driven

Slide 24



Multi-wavelength observation

T. Nakamura+ Prog. Theor. Exp. Phys 093E01 (2016)
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Astrophysical reach
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Progressing technologies
for B- DECIGO




B-DECIGO In
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Let’s talk about future

HARNF=, KRXH#2024F785
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e-mail: 'matsuo@u.phys.nagoya-u.ac.jp, *kiwamu@astro.isas.jaxa.jp
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