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0. Abstract

Review of L arge-scale Cryogenic Gravitational wave Telescope (LCGT)
Japanese futureinterferometer project

Caution !

| will focusthe attention on my previous work.

Cooling mirrors and suspensions
Seismic motion at underground site

Better review: K. Kurodaet. al.,
Progress of Theoretical Physics Supplement 163 (2006) 54.
http://ptp.ipap.|p/link?PTPS/163/54
46 pages !

K. Kurodawill talk LCGT review at Elba (GWADW wor kshop)
on next week.
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1. Introduction

Generations of interferometric gravitational wave detector

First generation (Current interferometer)

Observable distance: 15 Mpc
(Chirp wave from neutron star binary coalescence)

A few event per a century

Second generation (LCGT, Advanced L1GO)

Observable distance: 200 M pc
A few event per a month

Third generation (Einstein Telescope)
Observable distance: 2 Gpc ?
Many events!
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Decl,

| nter national network of GW observation

—150 —100 —50 0 50 100 150
(GST—12)+15 [deg]

by N. Kanda
LCGT playsan complementary role

with interferometersin U.S.A. and Europe.
Contour: LCGT sengitivity
Circles. Best sengitivity direction
(LCGT, L1GO Hantord, LIGO Livingston, )



How will we construct such an excellent detector ?

smaller noise 2 interferometers

3 fundamental noise sources

Quantum noise (shot noise and radiation pressure noise)
Quantum limit of interferometric measur ement
Selsmic noise
Motion of ground
Thermal noise
Energy from heat bath



How will we construct such an excellent detector ?

smaller noise 2 interferometers

3 fundamental noise sources

Quantum noise (shot noise and radiation pressure noise)

High power laser Resonant Sideband Extraction
Selsmic noise

Silent underground site Vibration isolation system
Thermal noise

Cryogenic technique



Selsmic noise

Silent underground site
Thermal noise

Cryogenic technigue

Same keywordsasthose of ET



Noise budget of LCGT

Above 10 Hz
Quantum noise limited
Standard Quantum Limit %
Around 80 Hz %
Thermal noise
never limits
sensitivity.
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2. Quantum noise
2-1. Configuration of LCGT detector

M/ Two Interferometers
D = 3 km cavities

Detector A Detector B

1gt MC i

B :?“ sﬁn PE]: EM1
|: FHE:I'I <[/ FM1 II EM1

1 sEM
by M. Ando



2-2. Configuration of LCGT interferometer

by M. Ando

. EM2
(1)High power laser Rf=0.99995
Sapphire
I t Upl:i Temp.: 20K
SN N 2nd MC Perpen,
Two Mode Claaners [_' arm cav Hﬂil'l iI'ItEfEl'DrI‘IEtE'
and Modulation Unit 390kW Resonant Sideband
Extraction config.
1t MC th: 180
Length: 10m :Tnneﬂ:u: mn’: with Power Recycling
Finesse: 1700
_ | B!
High- Rf=0.996
Power A Sapphire
e Temp.: 206 Inline arm cavity
Laser EOM 1 MMT1 Fused Silica Length: 3000m
= Temp+300k | BS Finesse: 1550
150W 780 390kW
i PRM FM1 EM1
Rr=0.80 SEM
focy PRE:11 7T Rs=0.77  gonal Band: 200Hz

R
Son ; el ;

IFO IFO
signals signals

SBG: 15

Demod.

-

Output Optics

(2)Resonant Sideband Extraction



2-3. High power laser
Goal : 150 W Current status: 100 W

1 .
| |
|

] ]
PZT Thermal : i

| | MNd:YAG slave laser

v v Y

EOM EOM
- D D Reference

Master ' 100 W PZT |
|
aser .- o

_________________

Development by University of Tokyo and Mitsubishi

K. Takeno et. al., Optics L etters 30 (2005) 2110.
N. Ohmaeet. al., Applied Physics Express 1 (2008) 012005.



Photograph of laser source

with PZT




2-4. Resonant Sideband Extraction (RSE)

What ?: One of theinterferometer configurations
New mirror between Beam splitter and Photo detector

Why ? . Solution for thermal problem

L arge heat absor ption

/High power light — N Mirrors
High sensitivity /ﬂ )
\ onflict !

Cryogenic technique

RSE ismagic for low heat absorption with high power light.



Thisadvantage is pointed out in abstract of first RSE paper.

Physics Letters A 175 (1993) 273-276
North-Holland

Resonant sideband extraction: a new configuration
for interferometric gravitational wave detectors

J. Mizuno, K.A. Strain, P.G. Nelson, J.M. Chen, R. Schilling, A. Rudlger

W. Winkler and K. Danzmann
Max-Planck-Institut fiir Quantenoptik, Ludwig-Prandtl-Strasse 10, W-8046 Garching near Munich, Germany

Received 10 December 1992; revised manuscript received 27 January 1993; accepted for publication 15 February 1993
Communicated by J.P. Vigier

Abstract isin next page.



Abstract

We introduce a new Fabry-Perot based interferometric gravitational wave
detector that, compared with previousdesigns, greatly decreasesthe amount
of power that must be transmitted through optical substratesto obtain a
given light power in itsarms. Thissignificantly reduces the effects of
wavefront distortions caused by heating dueto absor ption in the optics, and
allows an improved broadband sensitivity to achieved.

(Red by K. Yamamoto)



Recent papers (Broadband RSE, not detuned)
L ock without power recycling

O. Miyakawa et al., Classical and Quantum Gravity 19 (2002) 1555.
Signal extraction scheme with power recycling (Theory)

S. Sato et al., Physical Review D 75 (2007) 082004.

K. Kokeyamaet al., in LSC review.

Effect of intensity and frequency noise (Theory)
K. Somiya et al., Physical Review D 73 (2006) 122005.
Main topic isdetuned RSE but BRSE is also discussed.
K. Somiyaet al., Applied Optics 44 (2005) 3179.
P. Beyersdorf et al., Applied Optics 44 (2005) 3413.

And last paper (submitted) is...
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RSE in TAM A300

(Japanese interferometer with 300m cavities)

Purpose: R&D for LCGT
Sensitivity improvement of TAM A300 (high freguency region)

Past work : Design of length control

Futurework : Design of alignment control

Installation of system for RSE in 2009
TAMA300 will befirst largeinterferometer with RSE.



3. Sasmic noise

Silent site T 001 i
l and good vibration isolation g Kamioka (noisy)
= .0
Kamioka mine = | Kamioka (quiet) _
underground site R
e R e e
Small seismic motion . ] .
Easy and stable lock 20 |
Stable temperature and humidity S | ' s (qu=iet]¢
__% ol ! !&, blast Sty
S. Satoetal., e uiaka (TAM A site)
Physical Review D § , | oo
69 (2004) 102005. Haepr IS S PR B

Time (hour)
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Bird view photograph of Kamioka mine (Ikenoyama)

Wndengrounc es in fhe [Kemicka MinE
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1000m Entrance

Super ~ LCGT
. underground : : -
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M ine entrance

Congratulations on
~Prof. M. Koshiba sNobel prize !

8.12.2003 by K. Yamamoto




Prof. M. Koshiba won

Nobel prize

for pioneering contributions

to astrophysics, in particular

for the detection of cosmic neutrino.

Koshiba group has constructed
Kamiokande in Kamioka mine
and detected

neutrinos from SN1987A.

10.12.2002 by Hans M ehlin
Copyright: Nobel Web AB 2002
http://nobelprize.org/nobel prizes/physicylaur eates/2002/k oshiba-photo.html



: 16.2.2006
Super Kamiokande py k. Yamamoto




What isCLI10O ?
CL10O (Cryogenic Laser Interferometer Observatory)

Prototypefor LCGT

Demonstration of thermal noise suppression by cooling mirror
LCGT and CLI10O site: Kamioka mine

100 m arm length

References
M. Ohashi et al., Classical and Quantum Gravity 20 (2003) S599.
S. Miyoki et al., Classical and Quantum Gravity 21 (2004) S1173.
S. Miyoki et al., Classical and Quantum Gravity 23 (2006) S231.
K. Yamamoto et al., Proceedings of Amaldi 7
(Jour nal of Physics:Conference Series) accepted.
S. Miyoki will talk CLI10O review at EIba (GWADW workshop) on next week.



Photographs of CLIO interferometer

by S. Miyoki and S. Telada

Per- 100m Arm Pressure s
Ay ) - 100m arm : 6%10 ~ Pa
1 o Cryostat : 2%10° Pa
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Outside of mine

(mine entrance) 10° 1
<1Hz o
(Outside of mine) =(CLI10O)
1077
> 1 Hz r |
] : c 10|
(Outside of mine)>(CLIO) ¢
(@] -9 |
= 1077
>10 Hz e |
L 10 e i
(Outside of mine) =(Tokyo) 5 NN VI L
] _ . & 10 |Horizontal motion I |
Vertical motion Is |— Atotsu entrance | Ll
. . . 10—12_3 Mozumi entrance _
similar to horizontal one. |— cLIO (Center of mine)|
: g [ Kashiwa (near TOKYO [, o v
Results of other locations 10 > 468 2 468 2 468
0.1 1 10 100

are similar, Frequency [Hz]
Underground is essential.



Inside of mine
(Mozumi shaft)

>50m

silent sufficiently !

Main mirrors
50 m from ground

1/2
]

Seismic motion [m/Hz

10

10

10

10-11

-12

10—13

10 |

| “/,/

WA L i |

i

L

Mozumi shaft

(Horizontal:2005/5/26,27)
= = Mozumi entrance

— 50m
— 100m
— 800m

— CLIO (center of mine)

Frequency [HZz]



CLI10O sensitivity in low frequency region

< 20Hz
Gravitational wave
sensitivity
(not displacement !)

Is comparablewith <
that of LIGO(4km)! =
(CLIO:100m) &

small seismic motion

K. Yamamoto et al.,
Proceedings of Amaldi 7

10-17

10-18

10-19

10—20

10

by T. Uchiyama

~ |Strain (gravitational wave)
___|sensitivity in low frequency region

| — LIGO(Hanford 4 km,

—— CLI0(25.4.2008)

13.3.2006

. ‘
,,,,,,,,,,,,,,,,,,,,,,,,,,, L.
5 6 7 8 9

10

Frequency [HZz]

(Journal of Physics: Conference Series) accepted



by S. Miyoki and Nikken sekkel

LCGT Suspension system_

7 SAS: three stages with

: r Inverted pendulum
(room temperature)

Vacuum Is common

Outer shield of cryostat

SPI sub-mirror
(low temperature)

|

Heat links extend from here

1 'j‘ i
s

to the inner shield — ?l- Sapphire fiber
heat anchor. l - I suspending mirror
;]
—— R ¢ jm——
_ ! IV

Main mirror
(low temperature)



SAS (Saismic Attenuation System)

References
S. Markaet al., Classical and Quantum Gravity 19 (2002) 1614.
A. Takamori et al., Classical and Quantum Gravity 19 (2002) 1621.
A. Takamori, Ph.D. thesis (2003) http://t-munu.phys.s.u-tokyo.ac.jp/thesestakamori_d.pdf

4 SAS have already been installed in TAM A300.
Purpose: R&D for LCGT
Sensitivity improvement (low frequency region)
and Easy lock acquisition of TAM A300
Past work : Lock of power recycled Fabry-Perot Michelson interferometer
Test in short term (results: next page)
Futurework : Sensitivity improvement at around 100 Hz
Test in long term (evaluation of drift)

Evaluation in observation run (thissummer)



Displacement fluctuation [mez” 2] or RMS [m]

—
D|

—,
D|

—,
QI

Short

term test of SAS

“— ] | ] rmrrnri I ] | ] LI L I | ] | 1T 11 I'ﬂ
E old £
L O] ]
S, \
6 | S o —
7 L e
3 — i
L PSD RMS(@0.05Hz)
~ 12008/01/28 SAS — w3 M,
4 =|2006/08/24 Old Suspension —— =--=-1.4um,
E 1 | 1 L L Ll I 1 | 1 L1 L1l I
10° 107 10°

10 times smaller seilsmic noise above 0.2 Hz

10" Frequency [Hz]

by K. Arai



SPI(Suspension Point Interferometer)
(not Platform !)

Test mass of LCGT is
connected to a cooling Main pendulum
system by a heat link that
introduces mechanical
noise. A suspension point
interferometer (SPI) is
introduced to maintain
high attenuation of seismic
and mechanical noise
without degrading high s Rt
heat conductivity. A /

Main interferometer

Y. Aso et al., Physics Letters A 327 (2004) 1.
Ph. D. thesis (2006) http://t-munu.phys.s.u-tokyo.ac.jp/theses/aso_d.pdf




Y. Asowon thefirst GWIC thesisprize!
(13.7.2007: Amaldi 7)

by K. Yamamoto



4. Thermal noise

Cryogenic sapphiremirror (20K) and pendulum (sapphire fiber)
T. Uchiyama et al., Physics LettersA 242 (1998) 211.
T. Tomaru et al., Physics LettersA 301 (2002) 215.
Merit of cooling mirror and suspension

Technigue for cooling mirror and suspension



4-1. Merit of cooling mirror and suspension

(1) Thermal noise
T. Uchiyama et al., Physics LettersA 261 (1999) 5.
T. Uchiyama et al., Physics LettersA 273 (2000) 310.
K. Yamamoto et al., Physical Review D 74 (2006) 022002.

(2) Thermal lensing
T. Tomaru et al., Classical and Quantum Gravity 19 (2002) 2045.

(3) Parametric instability
K. Yamamoto et al., Proceedings of Amaldi 7
(Journal of Physics: Conference Series) accepted.

(4)Cosmic ray particles
K. Yamamoto et al., submitted in thisweek ?



(1) Thermal noise

Fluctuation-Dissipation Theorem

G]./Z IS proportional to T1/2 ¢1/2(T)

Thermal noise amplitude / \

Temperature M echanlcal |oss

Temperature dependence

Mechanical loss at low temperatureis necessary.



Measurement of mechanical loss at low temperature

Vacuum tank in liquid Heor N,

vacuum pump

v

T

<

ATAN

Ring down method
M easur ement of decay time of
resonant motion

Actuator
PZT or Electrostatic actuator

Sensor
Shadow sensor
or Electrostatic transducer

liquid Heor N,

vacuum tank



Thermal noise of suspension

M easur ement of decay motion of sapphirefiber

Sapphnefﬂxy }m1mm:m mmmMmm
Q= V¢ =510 W g

R e e e e
l 4“mﬁw.&,?_pmm”“mm?mmmmm;mmmm?m ;

Pendulum
Q=1¢ =8+10'

Sufficiently small loss

Pendulum thermal noiseis

| @ higher resonance|

smaller than quantum noise

© lowerresonance |

above 2 Hz.

2X102 3 4 5 6

Frequency(Hz)

T. Uchiyama et al., Physics LettersA 273 (2000) 310.



Thermal noise of mirror substrate

M easur ement of decay motion of cylindrical sapphire bulk

Q=1/¢ =108

Sufficiently small loss

4 .
:
g XK
L A T
67 ... - X o
4] e Y%
@2- ks '.;:-\
10"
6 -+ fundamental mode (51kHz) N
*1 -x- longitudinal mode (68kHz) +
2
4 561789 2 3 4 56789 3
10 Temperature (K) 100

T. Uchiyama et al., Physics LettersA 261 (1999) 5.



Thermal noise of reflective coating
Measurement of decay time of sapphire disk
with and without coating
10x10° e

Sample 4 (JAE coating, 1 mm thickness,
- annealed)
08 [ e

-4

$=(4-6)*10 =
= 06~ NN IRE

g é | +

S IV JRREE IR R I RN A
first measurement %2 [® Firstmode (L1kH?) | @
coatingloss | L= mommeskn] T
at low temperature B 5678'10““5 3 iéé%éioo‘ 7 3

Temperature [K]

K. Yamamoto et al., Physical Review D 74 (2006) 022002



Summary Of mirror 10-20 = e e e
thermal noise \  [Thermal noise

Sapphire

102 300K \ |- - Fused silica (300 K)|

- : NG Goal sensitivity |
Mirror thermal noise SN of LCGT |
) -~ ~ N )

inLCGT I 102 ~~‘\\\ '''''' shesiEm e e

2 TS | A

N 30K N /

%‘) 10-23 §\\\ ,,,,,,,,,,,,,,,,,,, \\:\\ ,,,,,, z/ ,,,,,,,,,

S S < ?

(q/')) N \\\ ~:_ "\ ~

LTARTS TNT

24 N s TN N

0 SRR

10'25 | 4oL L] | ,,,,,,,,,,,,,,,, N | ,,,,,,,,,,,,,,,, b | ,,,,,,,,,,,,,,,, ~| | \

K. Yamamoto et al., 10° 10t 102 10° 10




(2) Thermal lensing
T. Tomaru et al., Classical and Quantum Gravity 19 (2002) 2045.

Thermal lensing : Thermal gradient
and temper atur e coefficient of refractive index

At low temperature (Sapphire)

L arge thermal conductivity : No thermal gradient
Small temperature coefficient of refractive index

Thermal lensing effect isnegligible.



(3) Parametric instability
K. Yamamoto et al., Proceedings of Amaldi 7
(Journal of Physics: Conference Series) accepted.

Radiation pressure

i

Optical modein cavity Elastic modein mirror
(Large amplitude (Large vibration)
of other optical
mode)
Modulation

V.B. Braginsky et al., Physics L ettersA 287 (2001) 331.



(3) Parametric instability
K. Yamamoto et al., Proceedings of Amaldi 7
(Journal of Physics: Conference Series) accepted.

Less serious problem (than that of Advanced L1GO)

Number of unstable modes
Advanced LIGO ;: 20 ~ 60 LCGT: 2~ 4

Mirror curvature

Advanced LIGO : Stability strength strongly
dependson mirror curvature.
LCGT : Stability strength weakly depends
on mMirror curvature,

Why ?
Mirror material (LCGT:Sapphire, Ad. L1GO:fused silica)
Larger beam in Advanced L1GO toreducethermal noise
- Thermal noisereduction




(4)Cosmic ray particles
K. Yamamoto et al., submitted in thisweek ?

Process of cosmic-ray excitation
(1) Passage of cosmicray particlein mirrors
(i) Energy deposition and temperature gradient

(iv) Thermal stressand elastic vibration of mirror

At low temperature (Sapphire)

Largethermal conductivity _
Small specific heat > [ast thermal relaxation

Decay time of thermal stress
Room temperature . about 1000 sec
Cryogenic temperature : about 10 msec

Since ther mal stressdisappearsimmediately in cryogenic mirror,
the effect of cosmic ray particlesis small.



4-2. Technique for cooling mirror and suspension
Schematic view of cryostat (by T. Tomar u)

Cryocooler for Shield Pipe

[ b

| I

80K

Beam D uct

3OOK\‘ [

V tbration Isolation System

Shield Pipe

100K

Cryostat

I

(

D ouble Pendulum

10K

M irror @QOK )

V ibration Isolater

/ SAS (300K)

HeatL ink

Suspension Fiber

Main mirror

: L aserB eam
N 20K

V acuum

[

N

e

Cryocooler
4K

CL10O cryostat have already been installed
(different scalefrom that of LCGT).



Mirror cooling test in CLIO (by T. Uchiyama)

Cooling time [Day]

0 2 4 6 8
| | | |
3"1— —— K. Yamamoto et al.,
Proceedings of Amaldi 7
(Journal of Physics:
Conference Series)
accepted.
2
=4
o= |
S
o 31 |—— Outer shield top .
o
= || B 4KPT 2nd head Mirror
[ 1| = Inner shield top
i R Cryo-base : L.__liK
| e Upper mass T revererer coveee
10— |=—— Mirror "R
84 |—— 5m duct mid TNt bt b
/1 |—— 4mduct mid
5..
4_| T T T T I T T T T I T T T T I T T T T |
0 50 100 150 200

Cooling time [Hour]

Within about a week, mirror temperature became about 14 K
(mirror temperature must be below 20 K), but ...



Heat intomirrors

Heat intoa mirror isabout 1000 times larger than the expected value!

Direct radiation from 300 K

Mirror o _
20 K Outer radiation shield 40 K

|

—_— —
—_— —
—_—
—_— —
—_—
—_— —
—_—
—_— —
—_—
—_— —
—_—
—_— —
—_—
—
— —
— [l L]
 m— —
o —
L —
L —
—_—
[ —
—_—
L —
_—
L —
—_—
[ —
[ —
o —

] of cavity




Heat intomirrors

Outer radiation shield does not absorb, but reflectsradiation !

Indirect radiation (reflected by shield) from 300 K islarge!
(Weneglected it ... )

Duct transfers 300 K radiation effectively.

Reduction: baffles, low reflective coating ...

Mirror o _
20 K Outer radiation shield 40 K

Optical axis
of cavity

Details (and strategy for LCGT) are shown in
T. Tomaru et al.,
Japanese Jour nal of Applied Physics47 (2008) 1771.
Proceedings of Amaldi 7(Journal of Physics.Conference Series)
accepted.




Cryocooler

Why ?
Usual case: Liquid nitrogen and helium

Safety and maintenance in mine

|

Cryocooler

Usual cryocooler : Gifford-McMahon cryocooler
L arge vibration

Pulse-tube cryocooler (without solid piston)

But, vibration of commercial oneisnot enough small.



Quiet refrigerator was developed (design in 2003)
T. Tomaru et al., Classical Quantum Gravity 21 (2004) S1005.
T. Tomaru et al., Cryocoolers 13 (2005) 695.

R. Li. et al., Cryocoolers 13 (2005) 703.
patent: Pa-3 Tomaru et al., 2003; Suzuki et al., 2003.

Switching box
Pulse tube ref.
1st & 2nd stages

|I_l I ] I_l|
| ]
x| |=
[ r/ A |
| /7
Soft heat links i f |
|| a—(—R_W
— | L 40K cold stage
f DS

To compressor

4K cold head -
- | —
&7@




We measured vibration caused by new cryocoolersin Kamioka mine!

(suspension top of CL10O)

Schematic view of interferometer for vibration measur ement

L aser

source
(diode)
635 Nm

Reference
Mirror (fixed)

Steering
mirror

Beam

Splitter Ogillator
(fixed)

A

—

5mW

Photo Photo
Detector Detector

Output

Differential amp

~ |

Filter

Vacuum chamber

(L aser source and
photo detectorsare
INn vacuum chamber.)



| nter ferometer




Results(1) 5

10/ IR I R R -
floor level (1 Hz-100 Hz)  10°k AL I
- e '\ B S
i 108 O . N, RERI I
E
= 10— N risuem
Cryocoolers s
_ e 10 1077/F%  Swerr M TV
do not Increase o
. . % 10'11 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
vibration. g | i Wk
10" [Horizontal motion | \ T K
.5 |~ Pulse,pump on ‘
107" |— pulse,pumpoff |
K. Yamamoto et al., [ Kashiwa Suburb of Tokyo)] ™.
. B T T T Y I T ST A S B
Journal of Physics: 0] . 10 100

Conference Series 32 (2006) 418. Frequency [Hz]



Result(2)

1 P —
Gifford-McMahon cryocooler 10” ¢ —————

N GM on
10 NN pulse,pump on
P\ 1\ L Keshiwa (suburb of Tokyo)

10-7 "_\/\\‘ \ i -\\'ﬁ """"""""" s E SIIIIIIIIIIIIIIIIIIIIIIEIIIE - SiIIIiiiiiiz

GM cryocooler
Increases vibration.

1/2
|

8

ok N [

9 W an i
0°g Wb HHE SRR

Above 30 Hz
Kashiwa (Tokyo) level !

10-10 L RER

Seismic motion [m/Hz

107 e = o W gt TR

102 . L

K. Yamamoto et al., 3 | | |
3 e el il

Journal of Physics: ey . 10

Conference Series 32 (2006) 418 Frequency [Hz]




Heat absorption in sapphire

Goai : 20 ppmlcm St 8. He reservoir ’”/HJ
] ] shield ~_| T Y |
Calorimetric measurement [T 1 e 2 o0
(CGR) ’
at low temperature -~ S
Short thermal relaxation time > S \
High sensitivity measurement el e e il

Large thermal conductivity
Small specific heat

Result : 100 ppm/cm

Recently, smaller values
are reported (10-50 ppm/cm?).

Our R&D also in progress.

T. Tomaru et al., Physics Letters A 283(2001)80.

N e
by T. Tomaru
Samp\CGT (5K)| Stanford UWA
Hemex - 24
Hemlite 90-99
CSIWhite | 88-93
CSI White 3.4
CSI White 40
CSI White 47
CSI White 25
ppm/cm




Sapphiremirror-Sapphirefiber bonding

Direct bonding
(optical contact + diffusion bonding, without bonding agent)

Thermal Conductivity of Bonded Sapphire

O k_onyx_bulk [W/m/K]
—l— k_onyx_bond [W/m/K]

Thermal conductivity: OK O KChydro_bulk [W/m/K]

1[}S ; —e— k_hydro_bond [W/m/K] |-,
Strength: OK B
Q-value of suspension: ? 10* | =
.. v :'
R&D isin progress. = |
(other method also istested.) = N
v .'
T. Suzuki et al., 102 |
Journal of Physics: ji
Conference Series 32 (2006) 309. .
T 0 oo 1000

char_onyx_tem kg



Other Cryogenic R& D papers
Mirror contamination

S. Miyoki et al., Cryogenics 40 (2000) 61; 41 (2001) 415.
Actuator for cryogenic mirror

N. Sato et al., Cryogenics 43 (2003) 425.



5. Summary

L CGT: Japanese 2nd generation interferometric gravitational wave detector

10 times better sensitivity than that of current L1GO
Complementary rolewith interferometersin U.S.A. and Europe

2 interferometers

Quantum noise (shot noise and radiation pressure noise)
High power laser Resonant Sideband Extraction
Seismic noise
Silent underground site Vibration isolation system (SAS, SPI)

Thermal noise
Cryogenic technigue



Most Important and serious problem iIs

budget !
About 100 millions Euro



Thank you for your attention !

Vielen Dank
fuer Ihre Aufmerksamkeit |

CREHYNESTTNFELE,





