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Targets of LCGTTargets of LCGT

nn Experimental detection of GW from NS-NS Experimental detection of GW from NS-NS 
coalescence within 200Mpccoalescence within 200Mpc

nn Open a new window for AstronomyOpen a new window for Astronomy

nn Develop a new horizon of high energy Develop a new horizon of high energy 
physics beyond an energy frontier of physics beyond an energy frontier of 
particle acceleratorparticle accelerator



Foundations of LCGTFoundations of LCGT
nn Take over the products of TAMA300Take over the products of TAMA300

–– Injection locked Nd:YAG laserInjection locked Nd:YAG laser

–– Ultra-low loss mirror coatingUltra-low loss mirror coating

–– Double pendulum suspensionDouble pendulum suspension

–– Non-baking ultra-high vacuum systemNon-baking ultra-high vacuum system

–– X-pendulum vibration isolatorX-pendulum vibration isolator

nn Cryogenics for suppressing thermal noiseCryogenics for suppressing thermal noise
–– Reduce the thermal force by smaller T and higher QReduce the thermal force by smaller T and higher Q

–– Sapphire mirror + sapphire fiber Sapphire mirror + sapphire fiber 

nn Select a quiet site : Kamioka mine Select a quiet site : Kamioka mine 
–– Decrease the source of seismic vibrationDecrease the source of seismic vibration

–– Stable environmental temperatureStable environmental temperature



Cool down a mirrorCool down a mirror

nn Heat generation on the mirrorHeat generation on the mirror
FF irradiated by high power laserirradiated by high power laser

FF finite absorption of mirror substrate and coatingfinite absorption of mirror substrate and coating

nn High-Q mirror suspensionHigh-Q mirror suspension

nn Sapphire fiber suspensionSapphire fiber suspension
FF large thermal conductivity ( ~ 200 W/cm/K @ 20K )large thermal conductivity ( ~ 200 W/cm/K @ 20K )

FF high-Q at cryogenic temperaturehigh-Q at cryogenic temperature

Solution

( Phys. Lett. A242 (1998) 211 - 214. )



Q-factor measurement of Sapphire  cylinderQ-factor measurement of Sapphire  cylinder

( Phys. Lett. A261 (1999) 5. )

Suspension: 2 loops of sapphire fibres

Ring down method

exciter: PZT oscillator on a flap

Practical configuration

φ100mm x 60 mm 

c-axis // cylinder axis

transducer: dc-biased capacitance

thin Al coated on an end surface

(φ250 mm )

Sapphire cylinder 



Q-factor measurement of sapphire fiberQ-factor measurement of sapphire fiber

Sapphire fibre : φ250mm

Bending vibration :  clamped - free

frequency : 200Hz - 500Hz varying with length

Ring down method

excitation : small hammer

motion pickup : shadow sensor

Temperature : 300K - 6K

Q = 1 x 107  at ν = 200 Hz, T = 6 K

( Publish in preparation )



Contamination problem Contamination problem 
Molecular flux from 300K to cryogenic surface

Finesse measurement of a cryogenic F-P cavity

Reversible or irreversible ?

Cryogenic mirror -> cryopump ?

Experimental evaluation

Experiment 1

Experiment 2

Cryogenic FP with coupling hole

300K mirror + cryogenic mirror -> FP

( to be published in Cryogenics )





Kamioka mineKamioka mine

nn Location : about the center of main island JapanLocation : about the center of main island Japan
–– Longitude ~E 136.5 deg. ,  Latitude ~N 36.5 deg.Longitude ~E 136.5 deg. ,  Latitude ~N 36.5 deg.

–– approximately 60 km from the seaapproximately 60 km from the sea

nn stable temperature in the tunnelstable temperature in the tunnel

nn 1000 m overlying mountains1000 m overlying mountains
–– Rock typeRock type Amphibolite and gneissAmphibolite and gneiss

–– Density  Density  2600 2600 kg/mkg/m 33

–– Comp. StrengthComp. Strength   149  149 MPaMPa

–– Tensile StrengthTensile Strength         9.7      9.7 MPaMPa

–– Young's modulusYoung's modulus       49.9    49.9 GPaGPa

–– Elas. Wave velocityElas. Wave velocity 49304930 m/secm/sec

nn smallersmaller seismic motion seismic motion





R & D milestonesR & D milestones

Heat conduction of sapphire fiber

High Q sapphire test mass

Q of sapphire fiber

Cryogenic FP

6m interferometer with cryogenics

20m interferometer at Kamioka

Measurement of optical quality
of sapphire

19971997 19981998 19991999 20002000 20012001



R&D IssuersR&D Issuers

nn 6m interferometer6m interferometer

–– refrigerator vibrationrefrigerator vibration

–– heat link + vibration isolationheat link + vibration isolation

–– practical operationpractical operation

nn Actuator in cryogenic environmentActuator in cryogenic environment

nn Low frequency anti-vibration systemLow frequency anti-vibration system

–– active isolatoractive isolator

–– X-pendulumX-pendulum

nn 20m interferometer20m interferometer

–– Long term stable operation in KamiokaLong term stable operation in Kamioka

nn High power laser High power laser 

–– light amplificationlight amplification

nn Development of sapphire mirrorDevelopment of sapphire mirror

–– 300K fabrication -> cryogenic operation300K fabrication -> cryogenic operation



Parameters of LCGTParameters of LCGT

uu FP Michelson with Power RecyclingFP Michelson with Power Recycling

uu BaselineBaseline             3    km    3    km

uu Nd:YAG LaserNd:YAG Laser   100    W100    W

uu Recycling GainRecycling Gain       50   50 

uu FinesseFinesse 100100

uu Sapphire : mirror substrate + fiberSapphire : mirror substrate + fiber
•• mirror  M=54 kg, mirror  M=54 kg, φφ300x180 , Q=10300x180 , Q=10 8 8 , T=20K, T=20K

•• absorption  ~ 10ppm/cm in substrateabsorption  ~ 10ppm/cm in substrate

•• absorption  ~0.5ppm in coatingabsorption  ~0.5ppm in coating

•• pendulum Q ~ 10pendulum Q ~ 1088

uu VacuumVacuum < 10< 10 -6 -6 PaPa



Schedule Schedule 

nn FY. 2000  FY. 2000  Design ReviewDesign Review

nn FY. 2001  FY. 2001  Budget DemandBudget Demand

nn FY. 2002FY. 2002 Start ConstructionStart Construction


