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Possibility of contribution
to ESA L3 from Japan

J

> This is not an officially qualified report form JAXA. This is presented
from Ando’s personal viewpoint as a representative of the Japanese

space GW community.

Masaki Ando (Univ. of Tokyo / NAQJ)

% Previous JGWC chairperson, DPF WG leader,
Member of JAXA space science committee
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Summary DE@?@O

« JAXA-ISAS encourages international collaboration in general.
- Sending person to ESA L1-L3 discussions.

- Informal discussion with Saku Tsuneta (Director General
of JAXA-ISAS) on possibility to join ESA L3 (July 31th).
- - Encourages bottom-up proposals from the community.
- Suggested a presentation from community view =
points in GOAT #b5.

- Japanese space GW community has been working on
DECIGO and its precursor missions. Redefined the
strategy in 2014. > Possibility to be a LISA Junior partner.
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*Three categories in JAXA's |
‘Space Science and Exploration program’ (2014)
(1) Medium-scale missions
(Astro-H, Solar-C, Hayabusa2, ESA JUICE, ATHENA, ...)

- Cost ~$300M, Development term 5-7 years.
- AO every 4 years.

(2) Small-scale missions (Hisaki, ERG, ...)
- Cost $100M~$150M, Development term 4 years.
- AO every 2 years.

(3) Various small projects
- Small rocket, Balloon, International Junior partner,

Science mission using ISS, ...

WMMM/.%, 5 s 2 T DA 01681 it s S PR i -
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Mlssmn Plan by JAXA
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From file submitted to the government by ISAS/JAXA
(AER -FHBERZAS -FEHESE FEIWBS 20135F9A19H).
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J GW C ity
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«JGWC (Japan Gravitational Wave Community) :
- 325 members (in 2014)
- Information exchange |
(conferences, announcement of new position, ...)
- Discuss future strategy

Theory ~150

Only DECIGO

Only KAGRA | KAGRA/DECIGO 88
167 60
KAGRA 227 DECIGO 148

1 phat Iy pn s ) ¥ ps 4o h ¥ ps ol PR b s s ok 16 DAL 451 b5 &
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KAGRA (~2017) DECIGO (~2030)
Ground-based Detector Space observatory
- High-freq. (100Hz) GW event - Low-freq. (0.1Hz) GW signal

Target: Detection and Astronomy Target: Cosmology
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DECIGO (DECI-hertz interferometer Gravitational wave Observatory)

e - p
Purpose: To Obtain Cosmological Knowledge.

Direct observation of the origin of space-time

: and matter in Big-bang Universe. )

Interferometer Unit:
Differential FP interferometer

Arm length: 1000 km

Finesse: 10 ‘ ‘p

Mirror diameter: 1 m i A mj«
Mirror mass: 100 kg j o o é
Laser power: 10w " -i

Laser wavelength: 532 nm

—E—Mx’-:, o L { \
3 ¥ |y
r bk 1w | F LS
g (lnfmred. visible) 2
g WM LR = susary

N
Present
~13.7 Gyr

S/C: drag free
3 interferometers Direct probe to

the history of the Universe
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DECIGO (Deci-hertz interferometer Gravitational wave Observatory)

Space GW antenna (~2030) ‘Bridge’ the obs.gap between
Obs. band around 0.1 Hz LISA and Terrestrial detectors
107" e

Terrestrial Detectors
S | Tk b (Ad. LIGO, KAGRA, etc) -
N <
g
E 10 20
— —22
3 10
DL o=
200 | | -
10~ 1072 10° 10° 10"

| Frequency | [Hz]
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d

eLISA DECIGO
(Deci-hertz Interferometer

(Laser Interferometer Space Antenna) .
Gravitational Wave Observatory)

- Target: SMBH, Binaries. - Target: IMBH, NS, GW Background.
~1mHz GW signals. . ~0.1Hz GW signals.
- Baseline : 100-500 Mkm. - Baseline : 1000 km.
Constellation of 3 S/C. Formation Flight by 3 S/C.

- Config.: Optical transponder. - Config.: FP Interferometer.




GWs from many binaries = Unresolvable noises.
> Foreground noise for primordial GW observation

at freq. bands 1019 — 0.1 Hz,

2 10°%;

Y b

FA70 PEIA KAGRA

5 —10: -

10 [

(D) R

= :

© 107"

= 1= nE0E DECIGO

d = - L L 1 L 1 L L 1 1 1 1
10 20 10 15 10 10 107 10° 10°

Freq [HZ] Kuroyanagi+, PRD (2009)

Pablo, PRD (2011) _
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~ History of the DECIGO team

* Activity for DECIGO and DPF.

* 2001 First proposal paper on DECIGO.

* 2005 Establishment of the first roadmap.
DPF = Pre-DECIGO - DECIGO

* 2007 DPF working group approved by JAXA-ISAS.

* 2009 DPF Mission proposal = Fail (in final two).

(2010 the KAGRA project started)
* 2014 DPF Mission proposal = Fail (in the first stage).

I T e e T el T

«2014 Revision of the DECIGO roadmap.
- Ground test/Piggy back = Pre-DECIGO -=> DECIGO
- Pre-DECIGO mission design development of key tech.
- Possibility of international collaboration

7 0 v o apd 08 DAL TR TLILY - AL v pos o o8 DAL
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Figure: S.Kawamura
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R&D R&D
=< Fabrication
?, |
o
= \Y/
'DECIGO |
Pathfinder Pre-DECIGO
.l (DPF) DECIGO
. Long-baseline
TST; Interferometer in Space p g . tion Elight GW Astronomy
@  (Obs. Of GW and Earth Gravity) recies-rotia '9” 'g and Cosmology
® (GW Observation)
& One Small Satellite FF with 3 S/C FF with 3 S/C
‘S Short FP cavity + Drag-free 1 IFO unit 3-4 IFO units




Interferometer Module pecfeo

IO Optics % ' ~
Monolithic opt. -In.t'erferometer Module O B %

bench by silicate " ' Test mass module

bonding

TM, Capacitive
Sensor/Actuator,
Launch lock

0 = .
.....

Quad-RFPD [ SpW signal-
Quadrant PD + processing
Demod. circuits for - board

length and alignment -~ SpW FPGA +
I control signals 16bit AD/DA
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Frequency Stabilization Module  pgefg

T T TR T T TR, TSI

Frequency Stabilization module BBM2 (at UEC)

- Use absorption line of Iodine molecule.
- Satisfy requirement (0.5 Hz/Hz/2)
in error-signal measurement.

- Preparing one-more module for
relative stability evaluation.

-

Freq. Stab module

Prism
Mirror

Mirro

1
| 3. (EEWMEBH

_‘-ED_Qmm ' 4.—-.-.7 5
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SWIM (Space wire demonstration module) on SDS-1
Launched in Jan. 2009, 1.5 yr operation.
> First demonstration of a space GW detector

SpaceCubeZ:'Space-qualified Computer SWIMuv : User Module

CPU: HR5000
(64bit, 33MHz)
System Memory:
2MB Flash Memory
4MB Burst SRAM
4MB Asynch. SRAM
Data Recorder:

Processor test board
GW+Acc. sensor
FPGA board
DAC 16bit x 8 ch
ADC 16bit x 4 ch
- 32 ch by MPX
Torsion Antenna x2

1GB SDRAM 15
1GB Flash Memory | “ ~47g test mass
Adabet % Data Rate : 380kbps
Size: 71 x 221 x 171 { » Size: 124 x 224 x 174
Weight: 1.9 kg '® I H.u Weight: 3.5 kg
Power: 7W ' Power: ~7W
Power +28V Power 15V, +5V
Bus SyStem RS422 for CMD/TLM SpW x2 for CMD/TLM

GPS S|gnal
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Small Module SWIMuv on SDS-1

Launched Jan. 2009, Terminated Sept. 2010 Photo:
: JAXA
TAM: Torsion Antenna Module with free-falling test mass
(Size : 80mm cube, Weight : ~5009g)
Test mass 4
~47g Aluminum, Surface polished
Small magnets for position control
TOSE EB|NASICED

(200941 H238) SUAXA

Photo sensor

N
Reflective-type optical v

. displacement sensor
Separation to mass ~1mm
Sensitivity ~ 10-2 m/Hz1/2
6 PSs to monitor mass motion
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| Roadmap(Rewsed 2014)050

20144 15 06s 8 1708 185819 020820 209803 24 25 20480 + 2888209, 30831 ., S2ESS

UOISSI|l

R&D R&D R&D
Fabrication Fabrication @ Fabrication
) 4 | b /\
\ &9

I—— Ground test +
SDS-1/SWIM

Space test by Pre-DECIGO DECIGO
piggy-back
opportunities
~ .
2" Development of GW observation at 0.1Hz.
@ Critical components. (IMBH, NS binary, WD foreground ZULOTIDION
~ Ground-based tests. 8\5/C
S T _ 3 S/C, FP interferometer, _
= Space qualification by piggy. T60km baEehing 1000 km baseline
s 3-4 IFO units
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bt Summary rom Commumty PoV(1/ 2),,5@?@0

« GW community in Japan has ~45 years experiences on
ground-based GW detectors, and ~15 years activities

for space GW antenna. It also have a little experiences
on space missions.

Current first priority in Japanese GW community is KAGRA,
and space GW antenna is the next step. Since JAXA highly
requires first-priority support from the community, there
will be a small chance to be selected as medium/small-scale
mission. However there will be a chance in the "Various
small project’ category in an international framework.
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Summary from Commumty PoV (2/2)pecteo

Tl T TR, e T T T TR T T I T TR T I G TR, e T TR T T TR T G S TR LT LT

« Since DECIGO will provide fruitful science which never
obtained by EM observations, it will be realized at last.
Pre-DECIGO will have a lot of original science, different
from and complementary with those of LISA. It is
important to keep the (minimum) activities: system
design study and development of key components.

 Contribution to LISA will be a good opportunity to make
solid basis for the space GW community in Japan. Junior
partner will be a realistic choice. Candidates: Laser source,
Freq. stabilization, Part of Interferometer, Data analysis, ...
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IMBH blnary msplral Galaxy formation (Massive BH)

NS binary inspiral

Stochastic background - Fundamental physics

10-16
10-18

10-20

10-24

GW amplitude [Hz1/2]

10-26

Cosmology (Inflation, Dark energy)

10-22 |

DECIGO
(1 unit)

DECIGO
(Correlatio

NS inspiral (z~1)

10-4 10-2 100 102
Frequency [HZz]
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Primordial GW
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Earlier universe - Smaller horizon scale - High GW freq.

Original Figure by
S. Kuroyanagi (2011)

148

th/ (3 )

e

DI
==
]

ol

OI
BN
-

-~ GW from Inflation
10 10'° 107
Frequency [Hz]

2
o10)
a
fe
)
(O
| .
=
7))
-
Q
©
>~
(@)
| -
Q
-
)
O

ESA L3 GOAT#5 (September 17th, 2015, Noordijk, NL)




GW from Inflatlon
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Energy density « Tensor-Scalar Ratio ().
Power spectrum : Evolution history of the Universe.

10-12 AN I L L B L B B L N
- DECIGO Correlation £
1074 \ \ -Spectrum Power.

10716 Gk - Energy scale
r=0.1 — : -
\ ¥ of inflation

107'°
r=0.001 \\ » Cut-off freq.
1020 | \: >Energy scale

o2l — I =10°GeV of Reheating

- —— T, =10"GeV
1 0'24 2IOI | | | 1I5 | | | | 1IU | | | | I5 | | | D 5 Nakayama+,
1 0' 1 0' 1 O' 1 0' 1 0 1 0 Journal of Cosmology

and Astroparticle Physics
f [HZ] 06 (2008) 020.
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Pre-Conceptual Design pEc60

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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Interferometer Design pecieo

Tl TR T,

Transponder type vs Direct-reflection type

Compare : Sensitivity curves and Expected Sciences

HHQ Decisive factor: Binary confusion noise

Laser: 10W, 532nm
Mass: 100kg
Mirror: 1m dia.

AN
~

i

N
T
~
=
C
(0]
| -
fd
0p)

1072

Frequency [HZz]
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Arm length pECTe0

Cavity arm length : Limited by diffraction loss

Effective reflectivity (TEMoo = TEMoo)
Laser wavelength : 532nm

Mirror diameter: 1m [> 1900 km
Optimal beam size IS almost max.

.

Diffraction Loss

TAMA LCGT DECIGO LISA
(300 m) (3x10°m) (1x10°m) (5x10°m)

p -
)
=
o
o
e
O
e
'©
=
©
Y
@
o
=
©
o

6 7

4 5

10 100 10 10

Arm Length [m]
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CaV|ty Iength change

PDH error signal - Mirror position (-FLaser freq.)
Relative motion between mirror and S/C

Local sensor - S/C thruster

Displacement Signal between S/C and Mirror

Local
Sensor

|
\

Thruster
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Requirements  peefgo

Displacement Noise |
Shot noise 3 x 10718 m/HzY2 (.
E> X 10 of KAGRA in phase noise

. Other noises should be well below the shot noise
Laser freq. noise: 1 Hz/Hz!/?2 (iny)
Stab. Gain 10>, CMRR 10°

Acceleration Noise
Force noise 4x1017 N/HzY2 (01w

) x 1/50 of LISA

External force sources
Fluctuation of magnetic field, electric field,
gravitational field, temperature, pressure, etc.
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Foreground Cleaning pecfa0
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DECIGO obs. band: free from WD binary foreground
- Open for cosmological observation

DECIGO will watch
~ 10° NS binaries

E> Foreground for GWB

In principle, possible AN v
to remove them. ) i~ 10 %

Require waveform
Accuracy Am/m < ~107 %
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Design Update

Considering “Conceptual design”

By T.Akutsu

«Arm length: 1,500 km P i

eLaser power: 30 W <:| Parameters tuned
eLaser wavelength: 532 nm

eMirror diameter: 1.5 m

e Mirror mass: 100 kg

eMirror reflectivity: 77.3%

e Cavity g-param: 0.1

This is the first step to
considering the conceptual
design.

Next:

= Confirm the calculations. N 4 |

= Find the realistic way j i a % ORI

to realize this! ; 102 10" 10° 10" 102
Frequency [Hz]

gl-—!
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CGIl Program by Numata
]

14 GWADW2011 in Isola d’Elba (24 May 2011)
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Though limited by non-fundamental noises,
best as a space-borne GW detector.

Magnetic Coupling: Magnetic Coupling: By W.Kokuyama
1 Orbital Period Satellite Spin (46.5mHz)
{~=100min)

10

Observation

—
DI

CQuantization Mois
iNn Data Handling {

EI—H
. |
-
i
=
£
[ )
N
-
-
=
Lu b}
=
L b]
[
s
[N
o
(]
—
Y
—
h
-
<L

10 107" 10°

Frequency [Hz]

LRS00 24 524 4 P00 s a1 PALONS 01 2 45 408 Lot 10 FALONS 012 10 s (b 5 DALORS 1 67 10 4 Mt (st 5 DALOHS 14 62 0t (e 15 DALRS 14 62 10 4 Pt et 1R PR 14 62 P 4Pt et 1R LERS 04 52 1 4P et 18 PALERS 01 62 10 4P s R DALONS 0.2 10 4 s (st 1A PALORS 1. 42 P2 40

ESA L3 GOAT#5 (September 17th, 2015, Noordijk, NL)




Continuous data taking

Jun 17, 2010 ~120 min.
July 15, 2010 ~240 min.

Frequency [Hz|

100 150
Time [min.]

ESA L3 GOAT#5 (September 17th 2015 NoordUk NL)



Upper Limit on GWB pecieo
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Upper Limit at two frequencies (tWo polarizations)

‘Forward’ mode QgF\YVV = 1.7 x 103!
‘Reverse’ mode QgR\E = 3.1 x 103°
(C.L. 95%, fO 18mHz, BW 4mHz)

f =17.93 mHz, BW=4.48 mHz, N=56

gw
< Forward Mode
Estimated: __ = 4.1 x 1030

2 Reverse Mode
—— Estimated: ©__ = 0.8 x 10°°

0
By W.Kokuyama Amplitude

ESA L3 GOAT#5 (September 17th, 2015, Noordijk, NL)
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