






The funding originally covered five    
years. 
We began its construction in April of 
1995.It ends in this March after two    
years extension. Four year research
money has been approved from this
April.

The Objective of TAMA is to develop 
advanced technologies for km scale
interferometer and to observe possible 
ＧＷ events in our Galaxy.

TAMA













感度の校正

• 振幅の分かっている信
号を入力し、振幅と位
相を測定

• TAMAでは、周波数を
625Hzに固定して測定
している。



校正結果の変動

校正の不確かさ：
ゲイン：1%以下
位相：0.3度以下



• DT6

• DT7



検出器の信号＝雑音＋重力波信号



4. 主たる解析手法の実装
(1) Matched Filterによる連星合体サーチ



• Result with DT2
• Survey mass region: 0.3 - 10 Msolar
• 0.59 event / hour C.L. 90 %

– Note: グラフ横軸のSNRは雑音で規格化した信号の大きさ、という意
味であってsurvived eventのsignificancyを示すものではない。

– 最終的な選別閾値(SNR>7.2)をこえた数：Nobs = 2
– バックグラウンドの期待値：Nbg = 2.5
– Poisson分布とBays統計から導かれるイベント上限値は、3.7 event 

(C.L.90%)



4. 主たる解析手法の実装
(2) バースト

• 干渉計診断から発展
• あるtime spanでの信号のパワーとガウス性を比較

– 超新星バーストについてのいくつかの波形予測は、
– 典型的な干渉計の雑音と違うsignatute



4. 主たる解析手法の実装
(3) 連続波

• SN1987A 跡のパルサーを仮定



6. 相関解析
(1) LISM - TAMA







6. 相関解析
(2) LIGO - GEO - TAMA

• 利点

• 全天にたいする死角がなくなる
• 到来方向、偏極が解ける
• Fake event除去に有効
• 複数の情報(周波数応答の違い、偏極、時間差のconstraint)を用いうる
ので、Redundanceyが持たせられる。

• 解析の国際交流
• Memorandom of Understanding は締結
• 観測予定

• DT7 - LIGO S1
– Five detectors common lock data: 9 hours 50 min

• DT8 - LIGO S2
– 2/14 - 4/14/2003



S1 & DT7

Common Lock: 9hrs 50min
Longest Lock: 2hrs 24min



Since BNS exist and the signal 
of the coalescence is precisely 
predicted, the event is the most 
important target of the ground 
based interferometric detectors.

However, since the event rate is
10-6 per year per matured galaxy
as ours, we have to wait for 30 
years on average by the sensi-
tivity to observe the VIRGO 
cluster（20Mpc). Because there
is one galaxy per cubic Mpc
on average.

Therefore, it is clear to everyone 
to develop　more sensitive 
detector to see more remote 
galaxies. Increasing the 
sensitivity by ten times, the 
above waiting time becomes 0.4 
months.



Underground merit is the smaller seismic noise

The amplitude is smaller by two 
orders than that of TAMA site.

20m prototype interferometer mounted
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CLIO Location in Kamioka mine

Dark Matter Detector





Thermal noise (300K – 20K)

Mirror size
Φ10cm, t6cm



クライオスタット模式図
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Design detail

• Suspension point interferometer
• Vacuum system
• Suspension system
• Refrigerator system
• Heat link system
• Data acquisition system
• Others



An Optical Design of LCGT interferometer



Optical Design Parameters
• Main Interferometer

– Resonant Sideband Extraction
with power recycling, broad band configuration 

– Arm cavity length   3000 m
– Power in arm cavities 800 kW
– Signal bandwidth  200 Hz
– Arm cavity finesse 1250
– Power recycling gain 10
– Signal band gain 10

・　Input optics
－Power transmittance 33.3%
－Modulation sidebands 15 MHz, 50 MHz

1st Mode cleaner 10m Triangle ring cavity, 4.5kHz, FSR 15 MHz
2nd Mode cleaner 180m Triangle ring cavity, 350Hz, FSR833kHz

・ Core optics
－Main Mirror: sapphire, 20K, 30cm, 18cm, 50kg
－Substrate optical loss 500ppm/18cm; heat absorption 20ppm/cm

・ PRM, SEM, BS, MC mirrors: Fused silica

・Laser source
- Output power 300W
- Wavelength 1064nm





Vacuum System

• Pressure
– 2X10-7 Pa

• Ducts
– Total length 3km
– 1.2m Diameter
– 11m Unit
– Titanium or Stainless steel

• Pumps
– 10 Root pumps
– 30 Turbo molecular pumps or 10 Cryopumps
– 30 Ion pumps

• Optical Buffles
– 10cm Height
– Made by M2052
– DLC (diamond likecarbon)
– 80 pieces



Test mass of LCGT is connected to a cooling system by a heat link that introduces
mechanical noise. A suspension point interferometer is introduced to maintain high 
attenuation of seismic and mechanical noise without degrading high heat 
conductivity.















Fake elimination using parallel Interferometers

• Assumption of the TAMA fake event  << 1 / 1hour
• Coincidence analysis of two identical interferometer 

placed side by side
• Probability detecting noise within ±Δt　is p^2 Δt
• Δt～0.5ms×3
• Expected rate of the signal event is assumed as 

1event/year ->3×10^{-8} /s
• p^2 Δt < 0.27%×｛8×10^{-8}}= 8×10^{-11} / s = 

2.7×10^{-3} / year
• p< 2.3×10^{-4} = 1 / (1.2 hour)



LCGT Man Power
• ICRR                                　　 5 +3
• NAO                                  　　8 +1
• KEK                                   　　9 +0
• Physics Dept, UT                    2 +5
• Material science Dept, UT      2 +2
• ILS, UEC                                 2 +0
• ERI                                           1
• Kyoto University                      2
• Osaka University                      1
• Osaka City University 1 +α
• Niigata University                    1+1
　　　　　　　　　　　　　　　　　　　　34 +11 +α



Estimated budget (to be revised)

• Tunnel Construction 3400      M JpnYen
• Vacuum system 　　　12100
• Cryogenics 400
• Optics 800
• Suspension system 260
• Laser system 400
• Control system 100
• Computer 200
• Others 340
Total 18000



Summary

• Steady R&D for LCGT
• Practical test of cryogenic technique by CLIO
• Result of TAMA 

– World record of sensitivity & observation time
– Successful collaboration of different organization

• Plural interferometers to assure the detection of 
GW


