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First Detection of GW

-On Feb. 11th, 2016, LIGO announced first detection
of gravitational wave. The signal was from inspiral
and merger of binary black hole.

> Opens a new field of ‘GW astronomy’.
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Courtesy Caltech/MIT/LIGO Laboratory
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Mergers of Binary Black Hole

-2nd: GW151226 (2016.6 announce)
-3rd: GW170104 (2017.6.2 announce)
-4th: GW170814 (2017.9.27 announce)
-5th: GW170608 (2017.11.15 announce)
- Mergers of binary black holes

would be common events in the universe.
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Merger of Binary Neutron Stars

-On Oct.16™, 2017,
LIGO-VIRGO collaboration
announced the first detection
of gravitational-wave signal &
from merger of binary e AR
neutron stars e - e

-The signal was detected on
August 17th, 2017.
- Named GW170817. B
-Source Localization ~30deg? -
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Courtesy Caltech/MIT/LIGO Laboratory
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EM counterpart was
observed for the first [
time in GW170817.

° N eW kn OWled ge Optlcal R e S e e e AU e Al .

> 2

BSGTE . e et ot o 8T AL G G T £ N INN
IR =3

Radio_

* Origin of SGRB. e Tl et ETETT i

* Origin of heavy elements URDITINRT
-100 -50 050 10 10° 10’

IR ERNE S
* EOS Of neutron Star 1M2H S\llvope VISTA l Chandra
* Fundamental physics and > e e
COSI’T]O'OgY: Speed of GW, 10.8€;h i 11.08h h 11.24.h VK,
Hubble’s constant, ---. MAS B PECan a5 Sanbies

ApJL 848 L12 (2017) _t : ‘b

Fifteenth Marcel Grossmann Meet IS W [11:40h iz/1 57h " Radto




After the First Detections ...

-The first GW (and EM counter part) detections
demonstrated new possibilities by GW astronomy,
and also showed new mysteries, such as the origin
of heavier mass (30M) BBH.

N

-Network of 2nd-gen. GW antennae (aLIGO, AdVIRGO,
KAGRA, LIGO-India) will be formed in several years.
-Two ways after that for Astronomy and Cosmology:

- 3rd—gen. ground-based GW antennae (ET, CE).

- Space GW antennae (LISA, DECIGO, TianQin,---).
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Updated Roadmap for DECIGO

Figure: S.Kawamura
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B-DECIGO
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Space GW Observatory: B-DECIGO

[>< We changed the name: Pre-DECIGO - B—DECIGO}

-B-DECIGO

- Space-borne GW antenna formed by three S/C
- Target Sensitivity for GW : 2x10-23 Hz'¥/2 at 0.1Hz.
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-Sciences of B-DECIGO
(1) Compact binaries.

(2) IMBH merger. e 2
(3) Info. of foregrounds wfw g ,
fOF DECIGO. | Fi(_j. by S.Sato |

Target: JAXA Strategic Medium-scale mission (2020s).
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B-DECIGO Design (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).
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Space GW antenna

5 2
LISA

(Laser Interferometer
Space Antenna)

- Target: SMBH, Binaries.
GWs around 1mHz.
- Baseline : 2.5M km.
Constellation flight by 3 S/C
- Optical transponder.

" B-DECIGO

~

(Deci-hertz Interferometer
Gravitational Wave Observatory)

- Target: IMBH, BBH, BNS.

GWs around 0.1Hz.

. Baseline : 100 km.

Formation flight by 3 S/C.

- Fabry-Perot interferometer.

O Drag-free S/C
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Interferometer Configurations

-Optical transponder - Fabry-Perot cavity
* Phase locking of laser * Direct reflection.
sources in each S/C. * Large laser power
* Long baseline is possible. accumulated in cavity.
- Better Acc. Noise - Better Shot noise
Doppler tracking Similar config.to ground-
using laser beam based GW antennae

Displacement Signal between S/C and Mirror

Local
Sensor

Mirror

\

Thruster Thruster

Actuator

M Hewitson (ASTROD WS 2017)
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Sensitivity Curves

T. Nakamura et al., Prog. Theor. Exp. Phys. 093EQ01 (2016)
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Sciences by B-DECIGO

(1) Inspiral of Compact binaries [‘Promised’ target]
- High rate ~10° binaries/yr.
- Estimation of binary parameters and merger time.
- Astronomy by GW only and GW-EM observations.
(2) Inspirals and mergers of IMBHs [Original science]
- Cover most of the universe.
- Formation history of SMBH and galaxies.
(3) Foreground understandings for DECIGO [Cosmology]
- Parameter estimation and subtraction of binaries.
- Characteristics of foreground.
- Is the any eccentric binaries?
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Target (1) : Compact Binaries

B-DECIGO will observe >100/yr binary NS inspirals.
|~105/yr Pinary BH inspirals.
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Sensitivity Curves

T. Nakamura et al., Prog. Theor. Exp. Phys. 093EQ01 (2016)
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Target (2) : Intermediate-mass BH Merger

B-DECIGO will see almost the whole Universe.

The mystery on the history
of SMBH at the centers of
Galaxies:

(A) Large BH + Accretion
(B) Hierarchical merger

-B-DECIGO can pin-down
the story.
-Original observation.
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Observable Range

30M5 BBH Merger : 100 Gpc (z>10) range
with SNR~8 (optimal direction/polarization).
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B-DECIGO Sciences for CBC

-With its BBH observable range, in B-DECIGO
Detection Rate will be ~ 4 x 10* — 10° events/yr .
- Possible to identify the origin of BBH :

Pop-III, Pop-1/II, or Primordial BH.
-Range for BNS is ~2Gpc = ~ 100 events/yr .
-With low-freq. GW observations, longer observation

time is expected; in 30M; BBH merger case,
the signal is at 0.1Hz in 15days before merger.
- Improved parameter estimation accuracy
with lager cycle number (~10°) :
* Localization, Merger time -> Alerts for GW-EM.
* Mass, Distance, Spin = Origin and nature of BBH.
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Parameter Estimation Accuracy

Probability
Probability

Frobability
Probabilit

T. Nakamura et al., Prog. Theor. Exp. Phys. 093E01 (2016)
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Target (3) : Foreground Understandings

In future DECIGO, unresolvable GWs by many
binaries can be a foreground for primordial GW obs.

> Gain understandings with >100 binaries.
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Technical Challenges

-Long-baseline Interferometry (Disp. <2x10-18 m/Hz1/2)

- Optical configuration for IFO, and laser source.

- 100km Fabry-Perot cavity (Large RoC, Distortion).

- Initial attitude acquisition.

-Force Noise (Force noise <1x10-16 N/Hz1/2)

- Gravity, EM force, Residual gas, thermal radiation,
Cosmic ray, control noise, etc..

-Satellite control

- Drag-free, Low-noise thruster, Signal processing.

-Satellite System Design

- Orbital Design, Initial Mission sequence.

- Resource distribution, Launcher, Cost estimation.
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JAXA Roadmap
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JAXA Roadmap

From file submitted to the government by ISAS/JAXA
(NER - FEHEERZER - FEAF BBl 2013F9H19H).
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DECIGO

Fifteenth Marcel Grossmann Meeting (July 1-7, 2018, University of Rome, Italy)



Updated Roadmap for DECIGO

Figure: S.Kawamura
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DECIGO (DECI-hertz interferometer Gravitational wave Observatory)

Space GW Antenna DECIGO

/

Purpose: To Obtain Cosmological Knowledge.

\

Direct observation of the origin of space-time

and matter in Big-bang Universe.

J

Interferometer Unit:
Differential FP interferometer

Arm length: 1000 km
Finesse: 10
Mirror diameter: 1m
Mirror mass: 100 kg
Laser power: 10W

Laser wavelength: 532 nm

S/C: drag free
3 interferometers
Drag-free S/C
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Conceptual Design

DECIGO

(DECI-hertz interferometer
Gravitational wave Observatory)

Arm length: 1000 km

Finesse: 10 =
Mirror diameter: 1 m 5
Mirror mass: 100 kg

Laser power: 10 W

Laser wavelength : 532

S/C: drag free

3 interferometers Drag-free S/C
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Observation of the Early Universe
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Observation of GW from Inflation

BICEP2, (POLARBEAR,---)  DECIGO, (KAGRA, aLIGO, )

CMB B-mode polarization GWB observation by
observation by micro-wave GW telescope.
telescope.
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Original figure by Tajima (Kyoto 2011)
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Qcw (GW energy ratio for
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critical density of the universe)

‘Window'’ for the Early Universe

DECIGO band is open window for direct
observation of the early universe.
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Probing the Early Universe by GW

-GWs will carry direct information on the early universe.

-Spectrum : Initial fluctuation + Evolution history

s /

Depends on r (tensor- Different age in different freq.
to-scalar ratio), which Higher freq. = Earlier universe
may be also pinned-down - Reheating temperature

by CMB B-mode polarization - Thermal history of the universe

observation.
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GW from Inflation

Energy density « Tensor-Scalar Ratio (r).
Power spectrum : Evolution history of the Universe.
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Summary
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-First direct detection of GW was achieved by LIGO
100 years after the theoretical prediction by

A. Einstein by General Relativity.

-It opens the new field of ‘Gravitational-wave
astronomy’. We obtained a new prove to understand
the universe.

-The field will be expanded by antennae with better
sensitivity, and with different frequencies.
-Japanese KAGRA will improve the source parameter
estimation accuracy. Best effort to join the network.
-B-DECIGO will provide fruitful sciences. Future
DECIGO will be one of the dream of science; it will
be able to observe the early universe directly.
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Related Parallel Sessions

GW1 (Mon): Ground-based GW detectors
GW4 (Tue): Mid.-frequency GW detection
GWS5 (Thu): DECIGO
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End

Fifteenth Marcel Grossmann Meeting (July 1-7, 2018, University of Rome, Italy)



