
I

2015



0.1.

0.1

2016 2 LIGO

2010
KAGRA

6km

2014
2015 iKAGRA

2018

Pre-DECIGO

TOBA

4K)

0.1.1 KAGRA

KAGRA( )
3 km L

20K
2010 10

2016 3
2018

2016 2 LIGO

KAGRA

KAGRA

iKAGRA

KAGRA 2016 3
iKAGRA iKAGRA

3km Michelson

6 km

0.1.1

iKAGRA
3 km

0.1.1: KAGRA X 3 km

iKAGRA

6 1.5 cm

500

iKAGRA
90 %

3 × 10−15/
√
Hz @ 100Hz

3

iKAGRA 2016 4

iKAGRA bKAGRA

bKAGRA

3



0.1.

-

0.1.2

DECIGO 1000km

10Hz
0.1Hz

NGO(LISA )

DECIGO

DECIGO

SWIMµν

2015 DECIGO
Pre-DECIGO LIGO

30M⊙

30

0.1.3 TOBA

Torsion-bar Antenna (TOBA)
TOBA 2

TOBA

1Hz

TOBA

TOBA

5

1

TOBA

TOBA

4



0.1.

TOBA

TOBA
10mHz Hz

(200 M⊙-200 M⊙)

(PSR J2144-3933)
Phase-II TOBA 2014

12 6-7 Hz
100 M⊙ 500 M⊙

TOBA

F−statistic
6-7 Hz

6.84 Hz
95 %

3.6×10−12

TOBA
∼ 10−19/

√
Hz @ 0.1 Hz

1 100 M⊙

500 M⊙ 2
162

2

Phase-II TOBA
0.1 pc

0.1.4

KAGRA

1 10−17

100-1000
10−18

10 K

0.8 7.03+0.38
−0.34 × 10−15

1

7.03+0.38
−0.34 ×

10−15 10−17

1 Hz
1 Hz

0.1.5 ·

( )

( )

5 mg

1.4±0.2
[5]

5 mg

5 mg

5 mg

5



0.1.

15±3 mK
[45, 27]

1

2.14 Hz 1.06 kHz
10−11 10−7

4 [27]

[46]

1

1.6mg

mg

Fabry- Perot

[11, 28]

Lorentz

Lorentz

Lorentz

Lorentz

Michelson-
Morley

null

1

10−15

Lorentz

( 0.1.2)

Lorentz

[1] : 10 (
), , 2015 10 16 .

[2] Nobuyuki Matsumoto: Classical Pendulum Feels
Quantum Back-Action, Springer Theses Prize
(2015).

[3] : (2015 ).

( )

6



0.1.

0.1.2:

[4] Kazunari Eda, Ayaka Shoda, Yuya Kuwahara,
Yousuke Itoh and Masaki Ando: All-sky coher-
ent search for continuous gravitational waves in 6-7
Hz band with a torsion-bar antenna, Prog. Theor.
Exp. Phys. (2016) 011F01.

[5] N. Matsumoto, K. Komori, Y. Michimura, G.
Hayase, Y. Aso, K. Tsubono: 5-mg suspended
mirror driven by measurement-induced backaction,
Phys. Rev. A, 92, 033825 (2015).

[6] K. Okutomi, T. Akutsu, M. Ando, et al.: Resid-
ual Gas Noise in the Test-mass Module for DE-
CIGO Pathfinder Journal of Physics Conference
Series 610 (2015) 012040.

( )

[7] S. , ( ):
, ( ) 2015 8 .

( )

[8] : Laser Frequency Stabilization with a
Cryogenic Optical Cavity, (2016 3 ).

[9] : Tests of Lorentz Invariance with an Op-
tical Ring Cavity, (2015 6 ).

[10] : ,
(2016 3 ).

[11] :
, (2016 3 ).

( )

[12] Naoki Aritomi: Monolithic Optics and Coil-Coil
Actuator, Low Frequency Gravitational Wave An-
tenna Workshop (March 3rd, 2016, Canberra, Aus-
tralia).

[13] T. Shimoda, M. Ando: Design of New TOBA - Vi-
bration Isolation Systems, Low Frequency Gravita-
tional Wave Antenna Workshop (March 3rd, 2016,
Canberra, Australia).

[14] M. Ando: Torsion Bar Antenna Experiments, Low-
Frequency Gravitational Wave Antenna Workshop
(March 2nd 2016, ANU, Canberra, Australia).

[15] M.Ando: bKAGRA Schedule, KAGRA Face-to-
Face Meeting (Feb. 22, 2016, Kashiwa, Tokyo).

[16] Yuta Michimura, KAGRA Collaboration: Initial
Alignment Procedure for iKAGRA, 13th KAGRA
Face to Face Meeting (Feb 2016, Kashiwa).

[17] M.Ando: Possibility of contribution to ESA L3
from Japan, ESA L3 GOAT#5 (September 17th,
2015, Noordijk, NL).

[18] M.Ando: Preliminary bKAGRA Plan, KAGRA
Face-to-Face Collaboration Meeting (August 29th,
2015, Toyama).

[19] Yuta Michimura, KAGRA Collaboration: KA-
GRA MIF Status Report, 12th KAGRA Face to
Face Meeting (Aug 2015, Toyama).

[20] Tomofumi Shimoda: Shift Work Report, 12th KA-
GRA Face to Face Meeting (Aug 2015, Toyama).

[21] Yuta Michimura, Jake Guscott, Matthew Mewes,
Nobuyuki Matsumoto, Noriaki Ohmae, Wataru
Kokuyama, Yoichi Aso, Masaki Ando: Higher Or-
der Test of Lorentz Invariance with an Optical
Ring Cavity, Fourteenth Marcel Grossmann Meet-
ing (July 2015, Rome).

[22] Y. Kuwahara, A. Shoda, K. Eda, and M. Ando:
Search for stochastic gravitational wave back-
ground at 1-3 Hz with Torsion-bar Antenna, GW-
PAW2015 (June 17-20, 2015, Osaka, Japan).

[23] Yuta Michimura, KAGRA Collaboration: KA-
GRA Lock Acquisition Overview, GWADW 2015
(May 2015, Alaska).

[24] M.Ando: The GW Research in Japan - Current
Status of KAGRA -, ELiTES 4th General Meeting
(December 3rd 2015, Delegation of the European
Union to Japan, Tokyo).

[25] M.Ando: Space Gravitational-Wave Antenna: DE-
CIGO and Pre-DECIGO, GWPAW2015 (June
19th, 2015, INTEX-Osaka, Osaka).

[26] M. Ando, A.Shoda, K. Yamamoto, Y. Aso, R.
Takahashi: Lessons learned and the next steps of
Torsion-Bar Antenna experiments, GWADW2015
(May 19th, 2015, Alaska, USA).

( )

[27] , , , :

, 71 (2016
3 21 , ).

7



0.1.

[28] , , , :
, 71

(2016 3 21 , ).

[29] , , , , ,
, , , ,

, , , , , ,
, : KAGRA

, 71 (2016
3 , ).

[30] , , ,:
,

71 (2016 3 , ).

[31] , , , , ,
, , , :

TOBA (1),
71 (2016 3 , ).

[32] , , , , ,
, , , :

TOBA (2),
71 (2016 3 21 ,

).

[33] , : DECIGO
(68) : DECIGO , 71

(2016 3 21 , , ).

[34] : Pre-DECIGO, JGWC
(2016 3 10 , ).

[35] : Pre-DECIGO, CRC
(2016 2 11 ,

).

[36] : DECIGO Pre-
DECIGO, 16 (2016
1 7 , ).

[37] : DECIGO / Pre-
DECIGO, CRC (2015

12 21 , ).

[38] : DECIGO , DECIGO
Workshop (2015 10 18 , ).

[39] : Pre-DECIGO (1),
DECIGO (2015 10 18 ,

).

[40] , , : PreDECIGO
PreDECIGO (2), DECIGO

(2015 10 , ).

[41] : DECIGO , DECIGO
(2015 10 18 , ).

[42] , , :
, 2015

(2015 9 , , ).

[43] , , , , ,
, , , ,

, , , , , ,
KAGRA Collaboration: KAGRA

II, 2015
(2015 9 , ).

[44] , : DECIGO
64) DECIGO , 2015

(2015 9 28 , ).

[45] , , , :
, 2015

(2015 9 28 , ).

[46] , , , , ,
, , :

2015
(2015 9 28 , ).

[47] :
, 71 (2016 3 ,

).

[48] : , NHK
(2016 2 22 ).

[49] : - -,
(2015 11 21 ,

).

[50] : — —,
100 (2015 10

03 , ).

[51] :
, 2015 (2015 8 18
, ).

[52] : ,
(2015 5 29 , ,

).

( )

[53] M. Ando: KAGRA and Pre-DECIGO, ANU CGP
Group Seminar (March 1st 2016, Australian Na-
tional University, Canberra).

[54] Yuta Michimura: Testing Lorentz Invariance with
an Optical Ring Cavity, Department of Physics
Lunch Talk (Nov 2015, Tokyo).

8



II

Summary of group activities in 2015



1. ANDO GROUP

1 Ando Group

Research Subjects: Experimental Relativity, Gravitational Wave, Laser Interferometer

Member: Masaki Ando and Yuta Michimura

In February 2016, the LIGO gravitational-wave observatory announced detection of a gravitational-wave
signal. The new field of gravitational-wave astoronomy was opend. Gravitational waves has a potential to
open a new window onto the Universe and brings us a new type of information about catastrophic events
such as supernovae or coalescing binary neutron stars or binary black holes; these information can not be
obtained by other means such as optics, radio-waves or X-ray. Worldwide efforts are being continued in
order to construct and improve detectors.

In Japan, we are constructing a large-scale cryogenic gravitational-wave antenna, named KAGRA (former
LCGT). The detector is now under construction in KAMIOKA. This underground telescope is expected
to catch gravitational waves from the coalescence of neutron-star binaries at the distance of 200Mpc. A
space laser interferometer, DECIGO, was proposed through the study of the gravitational wave sources
with cosmological origin. DECIGO could detect primordial gravitational waves from the early Universe at
the inflation era.

The current research topics in our group are followings:

• KAGRA gravitational wave detector

– Construction and test observation run

– Optical design of the interferometer

• Space laser interferometer, DECIGO

• Development of TOBA (Torsion Bar Antenna)

– A new type sensor for TOBA

– Design and development of the next generation TOBA

• Development of the ultra stable laser source using cryogenic cavity

• High-precision experiments on relativity and opto-mechanics

– Opto-mechanics experiments with triangular cavity

– Optical levitation experiments

– Experimental study of space isotropy
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