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1. Coalescence of neutron star binaries
2. Coalescence of black hole binaries
3. Core collapse of massive stars

4. Rotation of pulsar

Existing neutron star binaries in our Galaxy
. PSR B1913+16
« PSR B1534+12
« PSR J1141-6545

Supernova 1987A Rings

« PSR J0737-3039

+ PSR J1906+0746 o00H MkHz
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LIGO(l) Hanford |

LCGT

TAMAICLIO
LCGT, Budget request
for 2011

(under construction
since 2008)

G

LIGO(l) Livingston
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¢ %
ET (planed) AIGO (budget request)
. 275 A network of detectors is indis i neable_

to position the source.
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09 10 11 12 13 14 15 16 17 18 19

Construction(planned) commissioning Observation
LCGT M I I EEEN I>

(Hanfrd)
(LIVgStn) * ﬁlll#llllrlllﬂ
Virgo+ Adv.Virgo

Virgo ﬁ_h ﬂ_r....h....u)‘»

GEO o = o p | -$

ConFtructiow(pIanr{ed)
AIGO I |-
Site prep
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_ = Broadband RSE

— 3 = Detuned RSE
N n
E -\ Binary inspiral:
\ —19 [ T 1 1] -
> 10 = 1.4-1.4 Msolar, 200Mpc
= : BH ringdown: Kerr param. a=0.95
5 i ---- 2.8 Msolar
M =70 | 0% @ [vwemsw 100 Msolar
4(-)’ 10 =
0] 3 Stellar core collapse at Galactic Centre
% 7 O DFM waveforms
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® known pulsars w1th maximum allowed amplitude
¢ LMXB etc.

=== Broadband RSE, with lyr integration

—-_— 10yr integration

------ 2weeks integration
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1)Long baseline length required to determine positioning of sources (20
ms time flight among North America, Europe and Asia)
2) Laser interferometer has angular dependent sensitivity pattern

LCGT increases sky coverage by 60% compared with L/H-L/L-Virgo
(50% sensitivity of its peak)

33% coverage 100% coverage
L/H+L/L 50%  —— L/H+L/L+V+LCGT
By global network

L/H+L/L+V 50%

4 |
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Default design is BRSE
ETM2 S
T S Options: DRSE

Parpen. Sapphire
arm cavity Temp.: 20K
ITM2
Sapphire . .
BRM Temp.: 20K Inline arm cavity
Fused Silica Length: 3000m
Temp.: 300k Finesse: 690-1550

~200-400kW

1 SEM

l IFO output
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In order to attain the sensitivity to catch the event at ~185Mpc,
we need to reduce shot noise determined by 800k\W optical
power (400 kW each cavity).

Thermal noise of the mirror, coating of the mirror, and
suspension need to be suppressed by cryogenic temperature,
20K. Mechanical losses of these parts are required to satisfy
this thermal noise limit; they are10-8, 4X104, 108

Final sensitivity is
limited by quantum noises 10" %
in the observation frequency
band, 230Hz. Radiation
pressure noise is determined
both by the optical power
and by mass, 30kg.

LCGT noise budget ~r,,,-sookw f,,=230 Hz

172
]

TAMA
noise level

Noise level [1/Hz

N
i

1077

Frequency [Hz]
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Gate valve

Scale 1:2000

0 5 10m

Feb. 08, 2005 M. Ando
Jul. 01, 2008 R. Takahashi
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A)SAS(GASF 3stage)+cryo-sus:
FM1, FM2, EM1, EM2
B)SAS(GASF 2stage)+non-cryo:
BS. PRM. SEM. MC2F, MC2E

C)STACK+2stages: MC1F, MC1E. MMT. PD

Flex Joint ID—-——-———/:‘\C%‘S@I‘:SDE'
B N =1 Disp. sensor
%"fﬁ’:-%@“—“c il-maanet
% oil-magnet
' i X actuator
=1 Gasfilter
Inverted |/
Pendulum /|
5
| /
Flex Joint =

actuators

- __ Suspension
i | -Upper Mass

Damping magnets_ { ‘}I

Coil-magnet _~~~|

’ "- -""-T e'st Mass
Recoil Mass —\__/

)

Platform

(Sapphire, 30kg)
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Filter 1

Filter 2

Platform

IP: inverted pendulum
PM: penultimate mass
MB: magnet box

TM: test mass

RM: recoil mass

Healli
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Almost all noise sources that limit TAMA sensitivity have been recognized.
Low frequency region of TAMA sensitivity is limited by up-conversion noise

13

107 E T T T T ._ T T T T T 1] J T -H
N | — | — dL- sensitivity
14 :_ I TEEER Intensity noise _=
10 E _ Alignment noise
[ || — dI- feedback noise
o e | di+ feedback noise
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. ii —— Frequency noise (err)
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Mirror suspension thermal
t-inversely proportional to f 2

Thermal noise limit by eddy
current damping between actuator
magnets and metal solenoid holder
--inversely proportional to f 2
~—
Mirror thermal
567 g 545867 g 9 amer
10 100 1000
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LCGT sensitivity (1/rtHz)
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(TAMA ECLIO LI4K)

» RSE #1# %
— Broadband RSE control scheme analysis
— Well defined parameters

« BERIF7TA/N—DFF

— Sapphi

re rod deformation

NAOJ

KEK

— Thermal conductivity measurement

s BHAL—Y 3R

— 110Wg

H HZER (20074

)
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Sensitivity [1/RHz]
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TAMA in 2008 (improved after installation of SAS)

- : / 300 m arm length

CLIO at room temperature,2008/10/14
100 m arm length

CLIO limit by room
temperature

\_/——<—‘/

LCGT design, 3 km
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LCGT is hosted by ICRR under MOU with NAOJ and KEK.

Its organization consists of 87 domestic researchers belonging to 17
universities or research institutes and 28 oversea members

belonging to 14 universities or research institutes (115 researchers in total).

LCGTDirector Coordinator
T. Kajita M Ohashi - :
(ICRR (ICRR) Facility, Safety, Strain meter
Technical Advisor
M-K Fujimcto (NAOJ) Coordinator
K Tsubono(Phys, UT) | Y Saito Vacuum, SAS
A (KEK)
LCGT Chair Project Manager Coordinator
K Kuroda X I Nakatani J_—_ S Kawamura Optical design, Control
(ICRR) (ICRR) (NAOJ) system, Ray tracing,
I
Sub-PM Coordinator
M Ohashi —_ N Mio Laser source, Input optics,
(ICRR} (Adv Mater Sci)  Mirrors
\ 4
Theory Coordinator
T Nakamura — T Suzuki SPI, Suspension system,
(Phys, Kyoto U) (KEK) Refrigerator
(2009411 AiREHHD) Lo ator

— Data taking system, Analysis
LCGT Board consists of representatives of (Phys, OCU)

ICRR, NAOJ, and KEK with other senior members
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1993: Gravitational wave telescope was nominated as one of future
projects by the report of subcommittee of ICRR.

1994: Early realization of Gravity wave detectors were described in the
Astronomical subcommittee of Science Council of Japan.

1994: MOU promoting GW research among directors of NAOJ, KEK, and
ICRR, being renewed every two years hereafter.

2000: Space Science subcommittee of the academic council of MEXT
nominated LCGT as one of projects in a fund waiting list with
recommending the reinforcement of R&D.

2005: Special report of the Astronomical subcommittee of Science Council
of Japan strongly requested the prompt funding of LCGT on behalf of the
whole astronomical community.

2007: ICRR was nominated as the host institute for LCGT under revised
MOU originally exchanged in 1994.

2007: Future research plan committee of ICRR exclusively pushed LCGT.

2008: GWIC under IUPAP-PaNAGIC strongly supported the funding of
LCGT that made the beginning of observation in 2015 possible.

2008: Astronomy & Astrophysics subcommittee of Science Council of
Japan raised the resolution to promote early LCGT funding.

2009: Combined subcommittee (IAU, Astronomy & Astrophysics) in
Science Council of Japan made a resolution to endorse LCGT.
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