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| 1t International LISA Sympaosium Universitdt Zirich, Switzerland Sep. 5-9, 2016



DECIGO — The idea

¢ DECi-hertz Interferometer Gravitational wave Observatory
Seto, Kawamura and Nakamura, PRL87,221103(2001)
Bridges the gap between LISA and terrestrial detector
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Low confusion noise = Potentially high sensitive instruments
Fig. by Ando
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Ter‘r‘es'tr’ial De‘tec‘tor’s LUME 87, NUMBE PHYSICAL REVIEW LETTERS 26 NOVEMBER 2001
(alIGO, KAGRAAdVirgo ..)

ssibility 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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le to construct a laser interferometer gravitational wave antenna in \pAlLC \th Iz,,
- 0 at Cl Using this antenna, (1) typically 10° chi
eutron stars per year may cted with S/N ~ 10%; (2) we can directl
tion of the universe by a 10 bservation of binary neutron and (3) the
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L. Introduction.—There are at least four methods to  sooner. Note here that when the pioneering efforts to

Strain [1/Hz""]

N
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detect gravitational waves: (1) resonant type antenna detect the gravitational w: arted in the last centur
1 0 I~ covering ~kHz band; (2a) laser interferometers on the  using resonant-type detectors as well as la i
D E( |GO ground covering 10 Hz—kHz band; (2b) laser interfer-  ometers, few people expected the present achievement in

ometers in space like LISA [1] covering 10™#-1072 Hz  resonant-type detectors such as IGEC (bar) [3] and in laser

I~ ar timing coverin; inteferometers such as TAMA300 [4], LIGO, GEO600,

26 O] Dopplel tracking of the spacecraft covering and VIRGO (for these detectors see [5]). Therefore all

- | 1074-1072 Hz band. It is quite interesting to note that  the experimentalists and the theorists on gravitational

1 0 little has been discussed on possible detectors in 10 waves should not be restricted to the present levels of the

10 Hz band. 1In this Letter we consider the possible  detectors. Our point of view in this Letter is believing

1 specification of such a detector, which we call DECIGO  the proverb “Necessity is the mother of the invention”
(Decihertz Interferometer Gravitational Wave Obser-  that we argue wl i
_4 _2 0 2 vatory). We argue that the direct measurement of the  to measure some important parameters in cos 2y.
1 0 1 0 1 0 1 0 acceleration of the universe is possible using DECIGO. The sen: itivity of DECIGO, which is optimized at
1I. Specification of DECIGO.—The sensitivity of a by i

F req uen cy [Hz] space antenna with an arm length of 1/10 of LISA and  sure noise below 0.1 Hz and shot noise above 0.1 Hz. The

yet the same assumption of the technology level, such  contributions of the two noise sources are equal to each
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DECIGO — Pre-conceptual design — @

® Interferometer parameters

®Arm length: 1000 km

®Mirror diameter: ['m ‘

®Mirror mass: 100 kg Wi

®| aser wavelength : 515 nm \Q
® L aser power: 10W :

®Finesse: ® Interferometer topology

® Differential FP interferometer

® Three interferometers for redundancy

®  Drag-free controlled S5/Cs

® Constellation
® 4 interferometer units
® 2 overlapped units = Cross correlation
® 2 separated units > Angular resolution
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DECIGO — Science case —

® BNS Inspirals

® From cosmological distance
® Cosmology (Inflation, Dark energy)

Fig. by Ando

¢ [MBH Inspirals and Mergers &
® Formation history of SMBH _'N I O—l8
® Galaxy formation
| 0-20
® Stochastic background

GW amplitude [H

DECIGO

DECIGO

Merger
unit)

NS inspiral (z~1)

Merger

22 S
® Fundamental physics 10 €_|_
| 0—24
1026
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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 (201 1)

Q. (GW energy ratio for
critical density of the universe)

Frequency [ Hz ]
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Pre-DECIGO
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Pre-DECIGO — Roadmap — by Ko

2012 161171181920 (21122123|24(25(26|27|2829|30(31(32|33|34(35(36|37|38

UOISSIN

DECIGO Pathfinder

lest of key tech. in orbit

GW detection
Earth gravity observation

Single small S/C
Short FP interferometer

900§ |saAalgo
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EPSIRON : Solid rocket booster (M-V FO

Pre-DECIGO — DECIGO pathfinder plan — e

® JAXA's"Small science satellite series” program

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

® |t mission (2013.9): SPRINT-A /EXCEED
&9 mission (~2016) : SPRINT-B /ERG
® 31 mission (~2019/20) : SPRINT-C ? /SLIM

SPRINT-A /EXCEED SPRINT-B /ERG SPRINT-C /SLIM

. Spectroscopic Planet OBsewatory ; Exploration of Energization ».Smart Lander for Investigating Moo
' f Interaction of Atmosphere and Radiation in Geosp' ‘ :

s




Pre-DECIGO — Revised Roadmap —

Fig. by Kawamura, rev.
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Technology demonstration
of Space IFO technique

GV astronomy
.o’

ana Cosmology

Micro-g experiment
Short FP cavity + Dragfree
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SN C/ N
3 or4 units
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¢ Mission Requirement
+  Strain sensitivity of 2x10-2* Hz "> at
¢  3-years observation period.

¢ Conceptual Design
¢ Laser interferometer by 3 S/C
¢ Baseline: 100 km
¢ lasersource: W, 515nm
¢ Mirror: 300mm, 30kg
¢ Drag-free and Formation flight.

Pre-DECIGO

¢ Record-disk orbit around the earth:
¢ Altitude 2000km, Period ~120min (Preliminary).

| 1t International LISA Sympasium



Pre-DECIGO — Sensitivity Curve —

Strain Sensitivity [ Hz ™ ]

Frequency [ Hz]
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Pre-DECIGO — Science Case —

Merger Ringdown

Inspiral

® |Inspiral of Compact Binaries

® High rate ~10° 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

0

o g-t0
. \ . . . O &
® Parameter estimation and subtraction of binarieg, 2
) B 510 |
®  Characteristics of foreground _ 2 P \KA}GRA
~ W 80
® |s the any eccentric binaries? £ 2 100
=
3 S
S8 yut
B GW from Infration
0.9 DECIGO
o= | : '
o -20 15 -10 i~

10 10° 10° ToR
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Pre-DECIGO — Observable Range —

30Mg. BBH Merger: 100 Gpc (z>10) range

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

106 ' | T 1 |
® BBH N
<
® Observable range ~Tpc o 10 > E
® Detection Rate will be ~ 4 x10* -0 evevts/yr T . mmm T T TSI T T T
® Possible to identify the origin of BBH % 0 ,// Pop Ill BBH E
®  Pop-lll, Pop-I/ll, or Primordial BH. e 3 [If Pop land I OLD
g !0 —— PBBH
s
¢ BNS £ 102 .
® Range for BNS is ~2Gpc _g |
® Higher rate expected. G E
O
10 OO . 10 2| . | : | .
SN - . | 0 30 40
® With low-freq. GW observations, longer observation Redehift 5 >0

® Improved parameter estimation accuracy with lager cycle number (~10°) :
® Localization, Merger time = Alerts for GW-EM.
®  Mass, Distance, Spin = Origin and nature of BBH.

| 1t International LISA Sympaosium
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Pre-DECIGO — Compact Binaries —

arXiv : http://arxiv.org/abs/ 1 607.00897
PTEP :accepted on 10Aug.2016

PTEP Prog. Theor. Exp. Phys. 2015, 00000 (17 pages)
DOI: 10.1093/ptep/0000000000

Pre-DECIGO can get the smoking gun to
decide the astrophysical or cosmological origin
of GW150914-like binary black holes
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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

Default Configuration

MMT Mirror

AOM EOM FI PBS A/4
A

Cowm o

Trans. Length WFS
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Frequency noise

Pre-DECIGO — Light Source —

® Frequency doubled Yb:DFB fiber laser (A=1030 nm) é
¢ |odine-stabilized 5
¢ W input to cavities 3

Poster Suemasa "Developments of highly-stabilized lasers for DECIGO/Pre-DECIGO”
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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




Summary
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Summary

¢ DECIGO : Great Sciences

¢ Direct observation of very beginning of the Universe
¢ Dark energy, Dark matter
s  Galaxy formation

¢ Pre-DECIGO : Fruitful and Original Sciences

¢  Compact Binary Coalescences: GW 509 | 4-like BBH, and BNS
s Observation of IMBH mergers
¢ Understandings of foreground for DECIGO
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