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Optical layout of TAMAS3O00

10W LD pumped Nd:YAG laser

10m mode cleaner
300m main cavity
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The most uncompleted item of TAMA

Prototype of TAMAS300 suspension

Pitch

(Picomotor+PZT)

Taw
(Picomotor+PZT)

| ——7

100 mm

spring for vertical isolation
(for the masses)

Suspension
wires
(4 wires)

spring for vertical isolation
{for the rnagnet support)

| — Flexible bar
{for the rnagnet support)

Darnping
rnagriet
support

Intemrnediate
7 mass holder

4 Z (Picornotor)
¥ (Picomotor)
/ E
Wire . . T
length i B x(opticalaxs) _B—=
{approx.) [ 11 W {Picomotor) — =
! |
250 i
Internediale
T mass
Y >
[ 5 .
Total !
peal 111 1] | 111
{appro.) . | |
780 | wire J;L J;L, J‘_L
length L
{approx.)
250 i % %
Di ﬂ]\ Mirror
protect
! oo &
Coll
support
DT F\ Firal mass
[Mirror

Suspension
[ wires
{2-tum)

+——Coil

R B

Z

84 0&!
A H 1R




Evaluation of TAMA Components

Laser

Mirror, Optical pieces

Anti-vibration system, suspension system
Vacuum

Control system

Data collecting system

Others

OO o b p o~ O W



From LISM noise spectrum — prototype of TAMA suspension
Cross coupling determined the sensitivity in log frequencies
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Noise source of TAMA (with p. recycling)

1/2
]

Displacement noise [m/Hz

7 (2003/11/04)
Iﬂ-\s J-II-II-I} 1 I-I-I-IIII-1 ] 1 Id dj’sp’a ] I-I--IIII1 ] 1 IJIIH:i
10 = | aser frequency noise .
10" E === Laser intensity noise

o === Detection+Shot noise !
10 F == Shot noise i
10" Detection noise i

e , === mirror thermal noise Q=3e6
10 ¢ 3 == syspensio thermal noise Q=5e5:
10" i \ = (- feedback noise i

ot 5 s dl+ feedback noise ;
10 & dL- filter noise
107 Alignment noise |._:

.18 -|J = Shismic Noise V|

Iﬂ-l?
Iﬂ-IE “
-19 hh £y i b ¢

107 F "':I-.
Iﬂ‘m b4y iaal i LLLIIILI%- J_'J_'l_lllh-

10° 10" 10° 10° 10’

Frequency [Hz]



TAMA research plan in future

* Noise hunting
— In Recycled Michelson
— Back scattering light noise
— Modulation induced noise

« Seismic Attenuation System

— Caltech-Pisa Univ.-Tsubono
group
— 2005

« Power recycling gain 210




View Ranges of Gravitational Wave Detectors

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
10-5~10-¢ per year per matured
galaxy as ours, we have to wait
many years on average by the
sensitivity to observe the VIRGO
cluster(20Mpc). Because there is
less than one galaxy per cubic
Mpc.

Therefore, it is clear to everyone
to develop more sensitive
detector to see more remote
galaxies. LCGT can see the event §
of nominal coalescence of BNS at §
244Mpc (s/IN=10, optimal direction
& polarization, single detector).




Observed neutron star binaries

« PSR B1534+12 (0.5kpc) 10-%in Galaxy
« PSR B1913+16 (7.3kpc) 10-7 in Galaxy

. PSR J0737+3039 (0.5-0.6kpc) ~10-5 in Galaxy



Characteristic of LCGT

» Cryogenics
— 20K sapphire mirror

* Underground
—Stable & hard rock

« Two Parallel Interferometers
— Coincidence Observation



Fake elimination using parallel Interferometers

Assumption of the TAMA fake event << 1/
Thour

Coincidence analysis of two identical
interferometer placed side by side

Probability detecting noise in At is p2 At
At~0.5ms x 3

Expected rate of the signal event is assumed as
1 event/year ->3 X 10M-8} /s

pr2 At<0.27% X {3x10M-8}}=8x10*{-11}/ s
= 2.7 xX10M-3} / year

p< 2.3x10M-4} =1/ (1.2 hour)



An Optical Design of LCGT interferometer

EM2
Rr=0.9995%
Sapphire
Input Optl Temp.: 20K
Rput OUplics 2nd MC Perpen.
Twa Made Cleanars arm cavity Main Interfarometar
and Modulation Unit 400kW Resonant Sideband
1st MC Lehath: 180 Extraction config.
shgth:
I.anth: 10m Finfmu: 1200 with Power Recycling
Finesse: 1700 FM2
iah- Rf=0.855
::ﬂier Sapphire
La e Temp.: 206 Inline arm cavity
5Er EOM - F1 MMT1 T DOk Length: 3000m
e BS Finegse: 1250
* K & H
00w toow = 1kw < A400KW -
PRM FM1 EM1
Rr=0.72 SEM
a1 facz
B Mad.Unit PRA: 10 [ ] SachY  Signal Band: 200Hz
h!C:l MCZ — Damadd.
signal signal Dy Gravitational
i oD Wave signals
IFO IFO
signals

signals Output Optics
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Optical Design Parameters

 Main Interferometer

— Resonant Sideband Extraction

Laser source

with power recycling, broad band configuration - Output power 300W

— Arm cavity length

— Power in arm cavities
— Signal bandwidth

— Arm cavity finesse

— Power recycling gain
— Signal band gain

Input optics
— Power transmittance
—Modulation sidebands
1st Mode cleaner
2nd Mode cleaner
- Core optics

3000 m - Wavelength 1064nm
800 kW

200 Hz

1250

10

10

33.3%

15 MHz, 50 MHz

10m Triangle ring cavity, 4.5kHz, FSR 15 MHz
180m Triangle ring cavity, 350Hz, FSR833kHz

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

PRM, SEM, BS, MC mirrors: Fused silica



Signal bandwidth [Hz]

10°

10

Detectable distance [Mpc] (1.4Minspiral, SNR=10)

107}

I I I
QO
[ ) N o) Q
: A
oA P
1%) Q
\ . S
122 o RS
N N
Y
IO 2 246 22 5 -
%y X 25 .
2
! ;95 <20p 2
O %
%
991 %,
7 200 2 b
% o %
2 )
| | I 1 1 1 1 | N | I 24§8 1 1 1 | | I 1 1 1
4 5 6
10 10 10

Power on end mirrors [W]




[

=
La
O

ek
=
| R
T

a
a

ok

=
L
5

wtrain h [/rtHz |

lﬂ-iﬁ

lﬂ-id

Why did we choose sapphire?

Frequency [Hz]

1‘\
\ .
\ , To improve by one order
LEGT eam radius 3cm .
T 1n room temperature.
‘1“\* &
. . 2
X Radius -> 4.6times (] ()/3)
| -> 14cm
.__ \ Sapphire 300K
¥ T CaF? 300K
15 CaF2 25K G 7 3
B2 e :
N e M
Sapphire ol -“-h“__-_"""""-'-":. g ol )
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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.

Main pendulum

\ K( Beam Splitter

Main interferometer
By Aso



suspension Point Interferometer

1terferometer
For GW detection

Lasers PD's

By Aso
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Yaw transfer function
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Disp. |sensor

I Coil-magnet
artuator
Vibration -\ms —
Isolation System L~
(Room temp.)
s |
Suspension
Upper Plathome
Recoil Mass | | [T~ Damping magnets
Cryogenic _Upper Mass
Suspension (SPI) Test Mass
(4K-20K) Cooling System
—Heat Link
Coil-magnet 7| =
Actuators [T _Test Mass ﬁ':‘::ﬁ "
(Main IFO) i m:n
Recoil Cryo-pump
Mass

4.2K shield 77K shield

By Ando
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Why did we choose sapphire?

Frequency [Hz]

1‘\
\ .
\ , To improve by one order
LEGT eam radius 3cm .
T 1n room temperature.
‘\\\* &
. . 2
B Radius -> 4.6times (] ()/3)
| -> 14cm
.__ \ Sapphire 300K
¥ T CaF 300K
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Loss angle

Optical coating on sapphire substrate was
measured and its mechanical loss was evaluated.

10

10

= L D -]

Ledt

[-J

JAE coating ont Tmm disk

i

| - '
I .
I ® 1060 Hz

A 2470 Hz
'f_ | | L1 1 II | | | | | | | 1 |
3 4 5 6 78 2 3 4d 5 6 T8 2 3 (|

10 100

Temperature [K | By Yamamoto



Another example of the measured heat conductivity of sapphire fibers.

The sharp peak is believed to be a manifestation of goodness of the crystal.
This measurement proved the dependence of the fiber heat conductivity

On its diameter. Capacity varies with the third power of its diameter.
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Aluminum plate

Length: 1.3m

Width: 10cm

Thickness: Tmm

Mumber: 1pc/1 heat link clam

Radiation: 2TmW

G10 rods: 150mW

Signal cables: 3.7mW
Cryogenic suspension: 320mW
Total evaluated heat: 500mW

TOTAL: TW (100% safety value)

U shape thermal conductor
Diameter: 0.4mm

Radius of U shape: 20cm
Number: 12pcs

Sapphire fiber
¢ 1.8%*500

Number: 4pcs

510 rods
g 1010
6rods |j shape thermal conductor
/ Width: Z2mm
Thickness: Tmm
Radius of U shape: Scm
NMumber: Zpcs
- 5K
-1
4 1w
|'; . 4 | \
I
\\ Aluminum plates I
Length: 1.5m
7K Width: 5cm
+17mW Thickness: 1mm
IR Number: 10pcs

‘\ 8K
+360mwW
TW

Rv llchivama
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Thermal Noise of Suspension (LCGT)

Sensitivity [IH%" |

Suspension
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\ Vertical i ‘ l
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LCGT Vacuum design for cost-estimation (1)
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LCGT Vacuum design for cost-estimation (2)
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Efforts to establish cryogenic
mirror



rinesse

Cooling test

R&Ds for Cryogenic mirror

Contamination test

Mechanical Q test

=
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Optical absorption measurement in Sapphire

1. Cryostat
> Radiation 8. He reservoir
shield ‘*x‘_\ Y

3. Nd;YAG 1 13. Al wire (Cooler)

laser 14. Scattering monitor 1 ,-‘/
4. Lens (CGR) k' //

_— TT
12. CGR
5. Baffle
N/
- N
6. Power 9. Sampl i x\\

meter :éo. Alhclder 11 @

e - —

by T. Tomaru

Sample LCGT (5K) | Stanford UWA
Hemex 24
Hemlite 90 - 99
CSI White 88 -93
CSI White 3.4
CSI White 40
CSI White 47
CSI White - 25

ppm/cm

Sapphire is the best
candidate of mirror of
LCGT

Calorimetric
measurement of
optical loss

Suppress the loss by
annealing

Calorimetric
measurement can be
applied to the loss
less than 0.1 ppm



Suspension prototype was tested in Kashiwa campus in
ICRR, in 2001.

Mirror Alignment
Stage

90KShield

4K Shield




Displacement [m/rHz]

CLIK Displacement

(Miyoki et al.)

109711
IU'_IE L i ............................

lﬂ,-lE .

P T I, W 11

10:15 |
[f Cryo Off 5
Cryo On

10 100
Freaquency [HZ]

10016 |



CLIO is a locked Fabry-Perot Interferometer

FB
Input Optics LI Main Interferometer
Two Mode Cleaners Sravitational Locked Fabry-Perot
v W
Mod Transmission Control FB Si;;;
Perpend
2nd MC ® Arm Cavity
i Length:9.5m
Optlon Finesse: 1500
Feed
Back EM2

Innolight L, Sapphire
Laser Temp 20K Inline Arm Cavity
1064nm \ Length:100m

S : ‘ Finesse: 7500

FI & | 'R=30m Fused BSY FM1 EM1

i & 1 I Silica

fm o5 fins Temp:300K

m

Mod.Unit ~ MC2 NS o 020
Signal

PD  FeedAround
and MC End

Signal i I \ 18




b ~ Four cryostats for main mirrors

CLIO vacuum configuration

. . Seven room temperature
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CLIO site in Kamioka mine
in 2003

Geophysical strain meter is
installed before CLIO
construction (under)

Entrance

(upper)




CLIO construction

Mode cleaner vacuum chambers are
installed with a connecting vacuum
duct (left) in December, 2003.

Vacuum test has been finished
(right)



EERMAROECERDOEA by Kasahara

Diameter [mm] 0.20f 0.50, 1.00 1.99

RRR 2900| 4800 5500| 6200

Ratio of RRR 0.53| 0.87 1.0 1.1
Al 'Mean free path

of electrons

mm] 0.029| 0.048| 0.056| 0.063

RRR 960 4100

Ratio of RRR 0.23 1.0
CUlMean free path

of electrons

[mm] 0.027 0.12




Model of the heat link

Radiation
shield

Heat link

By Kasahara

Intermediate
Mmass

Mirror



Noises introduced from the heat link

—|LCGT Default Sensitivity
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By Kasahara



Quiet refrigerator development
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LCGT Man Power
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LCGT Schedule

18t 2nd year|3d year |4 year |5t year
year
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Electric LT E

Data

***




Estimated budget (to be revised)

* Tunnel Construction 3400 M JpnYen
* Vacuum system 12100
* Cryogenics 400
* Optics 800
e Suspension system 260
» Laser system 400
« Control system 100
« Computer 200
* Others 340

Total 18000
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