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Technical foundation of LCGT Is established by a
prototype and an intermediate size interferometer

with challenging technigues
e 20m Interferometer

— Kamioka mine 1999-2002 —

« Cryogenic experiments __—
— KEK-ICRR 1997-2002

« TAMA advancement
— NAO 1995-

 RSE adoption
— NAO 1998-

« SPI installation
— Phys. Dept. UT 1999-

e SAS

— Phys. Dept. & NAO  1998-
(CALTECH)



TAMA interferometer with baseline of 300m is placed
at Mitaka campus, NAQJ, in a suburb of Tokyo.




Observations by TAMA

TAMA data-taking runs including long-term observations

Fun

DT1

DT2 | 17-Sept — 20-Sept 1999
DT3 | 20-Apr — 23-Apr 2000
DT4 | 21-Aug — 4-Sept 2000
DTS5 2-Mar — 8-Mar 2001
DT6 | 15-Aug — 20-Sept 2001
DT7 | 31-Aug — 2-Sept 2002
DT8 | 14-Feb — 14-Apr 2003
DT9 | 28-Nov — 10-Jan 2004

Term Year Live Tlme {Hﬂm)
6-Aug — 7-Aug 1999

Total 3102 hours data was accumulated.

Some parts of DT7-9 are overlapped with the science runs of LIGO (GEO)
and cooperative two papers have been published to limit the event rates
of both coalescence and supernova in our Galaxy.
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Displacement noise [m/Hz

Current sensitivity of TAMA

---all noise sources are identified within an error of factor 2---

Dlsplacement nonse level of TAMA300

LN\~

— L - d.'splacement
—— Laser frequency noise
—— Laser intensity noise
= [Detection+Shot noise
- Shot noise

Detection noise

—— dI- feedback noise
—— dl+ feedback noise
dL- filter noise
Alignment noise
—— Seismic noise
—— Electronics noise (matrix)

— Mirror thermal noise Q:3x10%6
- Suspension thermal noise Q:ox10°5) =1
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TAMA Achievement

1. We opened the new era of gravitational wave
astronomy with operating TAMA detector.

2. Nine observation runs accumulated data exceeding
3000 hours. = Nine papers were published

current status

Because TAMA is placed at suburb of Tokyo, large seismic
disturbances are serious problem.

Installation of a low frequency anti-vibration system (SAS)
IS ongoing.
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Optical design of LCGT

/
Two interferometers are arranged not to
Detector A Detector B . .
/ interfere in the same vacuum system.
- Optical design of the basic interferometer
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Sensitivity Is limited only by quantum noises around
at observational frequency band.

18 LCGT noise budget r, =771kw £,,=230 Hz
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Inspiral GW from binary coalescence| |BH ringdown
— LCGT — LCGT
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Large heat production Is avoided
by RSE

Broad band RSE (Resonant Side band
Extraction method) is applied.

Power recycling gain is set 11.

Finesse of the cavity Is 1550, which
means that observational band becomes
to be lower than required.

RSE keeps the observation frequency
band unchanged.
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\ a4 Al2 compensator ’/

laser

analyzer
sapphire (60mm thickness)
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Figure is taken from Yan et al. Appl. Opt. 45, 1 (2006)



K[E|Crystal Systems ft & DB T 741 VETAlFER
RESFITAMAD EFHEH (X
Rrad frad g(¢)rad | o(R)rad | o(n,—n.) | o(f)rad
A(Hemlite) | 19.5x 107 | 88x 10~ [ 1.1x 107! [42x107* | 11.8 x10~° | 9.6 x 10~*
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Refrigerator noise Is avoided by
SPI

Test mass of LCGT Is
connected to a cooling
system by a heat link that /
possibly introduces

mechanical noise. A

suspension point

iInterferometer (SPI) is

Introduced to maintain

high attenuation of

seismic and mechanical \ f( Sepeil
noise without degrading
high heat conductivity.

Main pendulum

SPI

Main interferometer
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AT T EXRFFEMIGD, I RFEEH A
( Prepared by T. Suzuki)

Saphicon ¢0.425, ¢$0.2
Single crystal fibre

CO2 LASER CW 50W
Processing time: 30~60 sec
Applied force: 0.1~1 N

Thermal
Conductance
Measurement

$0.425




Thermal Conductance of Bent Fibre
(prepared by T.Suzuki)

}m Carbon Glass Temperature Sensors

Stationary heat current : Q [W]
Temperature difference : AT [K]

ATstraigh{ A . N .
ATbem{ L doy 8 Thermal conductance : Cy, = Q/AT

C,(Bent) / Cy (Straight) ~ 0.6
at T~20 [K]
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Spectrum dencity [m/Hz

SN input
thermal noise (coating)

RPN

thermal noise (substrate)
thermal noise (suspension)
total noise

Frequency |Hz|

prepared by A. Okutomi
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Schedule in the budget request for FY2008

110 JpnYen=1 US$

r“'[:"“'“"""""Fiﬁar?cia\?e& """""" -7 77T T Cost
! i 2008 | 2009 2010 | 2011 2012 2013 2014 |After 2015 (thousand yen)
'"Tunnel construction 3586000
'Building construction —— 210000
'Making Vacuum Parts — 3308000
'"Vacuum system Install I 2205000
'Optical System S 902716
'Optics [nstall o 08784
'Laser source ] 793210
'Laser Install . 9040
!Gryogenic Suspension e ] 2615720
'Suspension Install . 17430
'SAS Isolator - 229400
'SAS Installation . 12600
"Main mirror — 312900
'Mirror Installation 2100
'Data—taking system . 315000
'Data Analysis — 21000
'PD Salary — 200000
'Commissioning IS E
'Observation N N |
!_Total 413500 3407320, 4147240 4078080 3772760 14838900
US$ 135M
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