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DECIGO – The idea –
DECi-hertz Interferometer Gravitational wave Observatory

Seto, Kawamura and Nakamura, PRL87, 221103(2001)
Bridges the gap between LISA and terrestrial detector
Low confusion noise  à Potentially high sensitive instruments
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Possibility of Direct Measurement of the Acceleration of the Universe Using 0.1 Hz Band
Laser Interferometer Gravitational Wave Antenna in Space
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It may be possible to construct a laser interferometer gravitational wave antenna in space with hrms !
10227 at f ! 0.1 Hz in this century. Using this antenna, (1) typically 105 chirp signals of coalescing
binary neutron stars per year may be detected with S"N ! 104; (2) we can directly measure the accelera-
tion of the universe by a 10 yr observation of binary neutron stars; and (3) the stochastic gravitational
waves of VGW * 10220 predicted by the inflation may be detected by correlation analysis. Our formula
for phase shift due to accelerating motion might be applied for binary sources of LISA.

DOI: 10.1103/PhysRevLett.87.221103 PACS numbers: 95.55.Ym, 04.80.Nn, 98.80.Es

I. Introduction.—There are at least four methods to
detect gravitational waves: (1) resonant type antenna
covering !kHz band; (2a) laser interferometers on the
ground covering 10 Hz–kHz band; (2b) laser interfer-
ometers in space like LISA [1] covering 1024 1022 Hz
band; (3) residuals of pulsar timing covering !1028 Hz
band; (4) Doppler tracking of the spacecraft covering
1024 1022 Hz band. It is quite interesting to note that
little has been discussed on possible detectors in 1022

10 Hz band. In this Letter we consider the possible
specification of such a detector, which we call DECIGO
(Decihertz Interferometer Gravitational Wave Obser-
vatory). We argue that the direct measurement of the
acceleration of the universe is possible using DECIGO.

II. Specification of DECIGO.—The sensitivity of a
space antenna with an arm length of 1"10 of LISA and
yet the same assumption of the technology level, such
as a laser power of 1 W, the optics of 30 cm, etc., will
be 4 3 10221 Hz21"2 around 0.1 Hz in terms of strain,
a factor of 10 better than the planned LISA sensitivity
around 0.1 Hz [2]. The sensitivity could be improved
by a factor of 1000 for the next generation of a space
antenna with more sophisticated technologies such as
implementation of higher-power lasers and larger optics in
order to increase the effective laser power available on the
detectors, and thus to reduce the shot noise. The ultimate
sensitivity of a space antenna in the far future could be,
however, 3 3 10227 around 0.1 Hz in terms of strain,
assuming the quantum limit sensitivity for a 100 kg mass
and an arm length of 1"10 of LISA. We name this detector
DECIGO. This requires an enormous amount of effective
laser power, and also requires that the other noise sources,
such as gravity gradient noise, thermal noise, practical
noise, etc., should all be suppressed below the quantum
noise. Here we assume that such an antenna may be
available by the end of this century, although we note that
within the next five years or so NASA will begin serious
discussions of a follow-up to the planned NASA/ESA
LISA mission, so DECIGO technology may be achieved

sooner. Note here that when the pioneering efforts to
detect the gravitational waves started in the last century
using resonant-type detectors as well as laser interfer-
ometers, few people expected the present achievement in
resonant-type detectors such as IGEC (bar) [3] and in laser
inteferometers such as TAMA300 [4], LIGO, GEO600,
and VIRGO (for these detectors see [5]). Therefore all
the experimentalists and the theorists on gravitational
waves should not be restricted to the present levels of the
detectors. Our point of view in this Letter is believing
the proverb “Necessity is the mother of the invention” so
that we argue why a detector like DECIGO is necessary
to measure some important parameters in cosmology.

The sensitivity of DECIGO, which is optimized at
0.1 Hz, is assumed to be limited only by radiation pres-
sure noise below 0.1 Hz and shot noise above 0.1 Hz. The
contributions of the two noise sources are equal to each
other at 0.1 Hz, giving the quantum limit sensitivity at this
frequency. The radiation pressure noise has a frequency
dependence of ~f22 (in units of Hz21"2) because of the
inertia of the mass, while the shot noise has a dependence
of approximately ~f1 (in units of Hz21"2) because of the
signal canceling effect due to the long arm length. In
Fig. 1 we show sensitivity of various detectors and charac-
teristic amplitude hc for a chirping neutron star–neutron
star (NS-NS) binary at z ! 1. The required sensitivity
(S"N ! 1) for detecting the stochastic gravitational wave
background by 10 years correlation analysis is also shown.

III. Direct measurement of the acceleration of the uni-
verse.— Recent distance measurements for high-redshift
supernovae suggest that the expansion of our universe is
accelerating [6], which means that the equation of the
state of the universe is dominated by “dark energy” with
r 1 3p , 0. The Supernova/Acceleration Probe (SNAP
[7]) project will observe !2000 Type Ia supernovae per
year up to the redshift z ! 1.7 so that we may get the ac-
curate luminosity distance dL#z$ in the near future. Gravi-
tational waves would also be a powerful tool to determine
dL#z$ [8].

221103-1 0031-9007"01"87(22)"221103(4)$15.00 © 2001 The American Physical Society 221103-1



Barcelona, Spain / 16-20 June, 200811th International LISA Symposium Universität Zürich, Switzerland Sep. 5-9, 2016

DECIGO – Pre-conceptual design –

Interferometer topology
Differential FP interferometer
Three interferometers for redundancy
Drag-free controlled S/Cs

Constellation
4 interferometer units
2 overlapped units  à Cross correlation
2 separated units    à Angular resolution

Interferometer parameters
Arm length:               1000 km
Mirror diameter:         1 m
Mirror mass:              100 kg
Laser wavelength： 515 nm
Laser power:             10 W
Finesse:                     10
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DECIGO – Science case –

Fig. by Ando
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DECIGO – Access to very beginning of the Universe –

DECIGO band is open window 
for direct observation of the early universe.

Kuroyanagi+, PRD (2009)

Pablo, PRD (2011) 
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Pre-DECIGO
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Pre-DECIGO – Roadmap – Fig. by Kawamura, rev.
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Pre-DECIGO – DECIGO pathfinder plan –
EPSIRON : Solid rocket booster (M-V FO)

Fig. by JAXA

JAXA’s “Small science satellite series” program

“At  least 3 satellites in 5 years with
Standard Bus + M-V follow-on rocket”

1st mission (2013.9):  SPRINT-A /EXCEED
2nd mission (~2016) : SPRINT-B /ERG
3rd mission (~2019/20) : SPRINT-C ? /SLIM

SPRINT-B /ERG
Exploration of Energization 

and Radiation in Geospace

SPRINT-A /EXCEED
Spectroscopic Planet Observatory 

for Recognition of Interaction of Atmosphere 

SPRINT-C /SLIM
Smart Lander for Investigating Moon
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Pre-DECIGO – Revised Roadmap – Fig. by Kawamura, rev.
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Pre-DECIGO – Pre Conceptual Design –

Pre-DECIGO Design (Preliminary)

GWPAW2016 (June 15th, 2016, Cape Cod, Massachusetts, USA)

・Mission Requirement
- Strain sensitivity of 2x10-23 Hz-1/2 at 0.1Hz.
- >3-years observation period.

・Conceptual Design
- Laser interferometer by 3 S/C
- Baseline : 100 km 

Laser source : 1W, 515nm
Mirror : 300mm, 30kg

- Drag-free and Formation flight.
- Record-disk orbit around the earth:

Altitude 2000km, Period ~120min (Preliminary).

Mission Requirement
Strain sensitivity of 2x10-23 Hz-1/2 at 0.1Hz.
3-years observation period.

Conceptual Design
Laser interferometer by 3 S/C
Baseline : 100 km 
Laser source : 1W, 515nm
Mirror : 300mm, 30kg
Drag-free and Formation flight.
Record-disk orbit around the earth:
Altitude 2000km, Period ~120min (Preliminary).

Pre-DECIGO

100km
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Pre-DECIGO – Sensitivity Curve –
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Pre-DECIGO – Science Case –
Inspiral of Compact Binaries

High rate ~106 binaries/yr.
Estimation of binary parameters and merger time.
Astronomy by GW only and GW-EM observations.

Inspirals and Mergers of IMBHs     
Cover most of the universe.
Formation history of SMBH and galaxies.

Foreground Understandings for DECIGO 
Parameter estimation and subtraction of binaries.
Characteristics of foreground
Is the any eccentric binaries?
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Pre-DECIGO – Observable Range –
30M⨀ BBH Merger : 100 Gpc (z>10) range

with SNR~8 (optimal direction/polarization).
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Pre-DECIGO – Compact Binaries –
BBH

Observable range ~Tpc
Detection Rate will be ~ 4 x104 -106 evevts/yr
Possible to identify the origin of BBH 

Pop-III, Pop-I/II, or Primordial BH.

BNS
Range for BNS is ~2Gpc
Higher rate expected.

With low-freq. GW observations, longer observation
Improved parameter estimation accuracy with lager cycle number (~105) : 
Localization, Merger time à Alerts for GW-EM.  
Mass, Distance, Spin à Origin and nature of BBH.
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Pre-DECIGO – Compact Binaries –
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Pre-DECIGO can get the smoking gun to
decide the astrophysical or cosmological origin
of GW150914-like binary black holes

Takashi Nakamura1, Masaki Ando2,3,5, Tomoya Kinugawa4, Hiroyuki Nakano1,
Kazunari Eda2,5, Shuichi Sato6, Mitsuru Musha7, Tomotada Akutsu3, Takahiro
Tanaka1,8, Naoki Seto1, Nobuyuki Kanda9, Yousuke Itoh5
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pre-DECIGO (DECihertz laser Interferometer Gravitational wave Observatory) con-
sists of three spacecraft arranged in an equilateral triangle with 100km arm lengths
orbiting 2000km above the surface of the earth. It is hoped that the launch date will be
in the late 2020s.
Pre-DECIGO has one clear target: binary black holes (BBHs) like GW150914 and

GW151226. Pre-DECIGO can detect ∼ 30M⊙–30M⊙ BBH mergers like GW150914 up
to redshift z ∼ 30. The cumulative event rate is ∼ 1.8× 105 events yr−1 in the Pop III
origin model of BBHs like GW150914, and it saturates at z ∼ 10, while in the primordial
BBH (PBBH) model, the cumulative event rate is ∼ 3× 104 events yr−1 at z = 30 even
if only 0.1% of the dark matter consists of PBHs, and it is still increasing at z = 30.
In the Pop I/II model of GW150914-like BBHs, the cumulative event rate is (3–10)×
105 events yr−1 and it saturates at z ∼ 6. We present the requirements on orbit accuracy,
drag-free techniques, laser power, frequency stability, and the interferometer test mass.
For BBHs like GW150914 at 1Gpc (z ∼ 0.2), SNR ∼ 90 is achieved with the definition
of Pre-DECIGO in 0.01–100Hz band. Since for z ≫ 1 the characteristic strain amplitude
hc for a fixed frequency band weakly depends on z as z−1/6, ∼ 10% of BBHs near face-on
have SNR > 5 (7) even at z ∼ 30 (10). Pre-DECIGO can measure the mass spectrum
and the z-dependence of the merger rate to distinguish various models of BBHs like
GW150914, such as Pop III BBH, Pop II BBH and PBBH scenarios.
Pre-DECIGO can also predict the direction of BBHs at z = 0.1 with an accuracy of

∼ 0.3 deg2 and a merging time accuracy of ∼ 1 s at about a day before the merger so that
ground-based GW detectors further developed at that time as well as electromagnetic
follow-up observations can prepare for the detection of merger in advance like a solar
eclipse. For intermediate mass BBHs such as∼ 640M⊙–640M⊙ at a large redshift z > 10,
the quasinormal mode frequency after the merger can be within the Pre-DECIGO band
so that the ringing tail can also be detectable to confirm the Einstein theory of general
relativity with SNR ∼ 35.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

c⃝ The Author(s) 2012. Published by Oxford University Press on behalf of the Physical Society of Japan.
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Pre-DECIGO – System Design Outline –
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Pre-DECIGO – Interferometer topology –
Optical layout (Very Preliminary)

Differential FP interferometer : Opening angle~60deg
Critical coupled FP cavities：r = 0.95
Feeding back to TMs and laser wavelength via AOM
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Pre-DECIGO – Light Source –
Frequency doubled Yb:DFB fiber laser (λ=1030 nm)
Iodine-stabilized 
1W input to cavities
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Pre-DECIGO – Orbit Design –
Sun-Synchronous (Dawn-dusk) orbit
Cartwheel(Record-disk) orbit around the earth

Altitude 2000 [km]
Inclination angle : 99.49 [deg]
Period ~127 [min.] (Preliminary). 23.43

i



Barcelona, Spain / 16-20 June, 200811th International LISA Symposium Universität Zürich, Switzerland Sep. 5-9, 2016

Summary
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Summary

DECIGO :  Great Sciences
Direct observation of very beginning of the Universe
Dark energy, Dark matter
Galaxy formation      

Pre-DECIGO : Fruitful and Original Sciences
Compact Binary Coalescences : GW150914-like BBH, and BNS
Observation of IMBH mergers
Understandings of foreground for DECIGO
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