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- LCGTETIEI Design Working Group

B LCGT Design Working Group
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m LCGT Design

- - Suspension Point Interferometer

- - Resonant Sideband Extraction,
- Squeezing

- - Data Acquisition
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LCGT

2nd MC
Length:180m
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Laser Component

m 300W Laser, 1064nm

- Master Laser

- Power Amp

B Alternative method : Coherent Addition

Master Laser

FI EOM EOM

by Mio

: 2W Nd:YAG Laser (LZH inc.)
- 1st Slave Laser : Injection Locking (2 YAG Rods), up tol0W

- 2nd Slave Laser : Injection Locking (4 YAG Rods), up tol00W

: CIDER & HIPER by MITSUBISHI inc, up to 300W

1st Slave Laser
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Laser Stability (Frequency)

| Frequency Stabilization by Nagano

- - 104 . . . . .
- Original Stability - T~ , __Oriiginal 3x ]j.04 /T
3% 104 /f [Hz/tHz] g 102 |- e i R S b-mmmm
- 1st Stb. - co N N S SRS ISR S M ;
MCI1(10m Finesse = 1700), IEI | | :
UGF 1MHz, 2 1072 | A [ S A
fedback to Laser PZT, Thermal 2 4 L ]
and Ext EOM. > 10 | } ]
down to 1x 107 [Hz/rHz] . S 6 : | |
QO 10 I TR ittt miniainiaiit (iminiiainy
- 2nd Stb. - =} | . | | |
MC2(180m Finesse = 1200), O 108 T I oneeees
UGF 100kHz, S | i i i |
fedback to MC1 End Mirror, 10" ' ' ; ; :

Feedaround in Ist loop. 1 10 100 1k 10k 100k 1M

down to 2x 10 [Hz/rHz]. Frequency [HZz]
- 3rd Stb. -

Arm Common Length (3000 m Finesse 1250), UGF 5kHz
fedback to MC2 End Mirror, Feedaround in 2nd loop.

down to 4x 1078 [Hz/rHz] (10'° Reduction @100Hz). — 5x 1075 [Hz/rHz] (TAMA)
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Laser Stability (Intensity)

® Intensity Stabilization (AM)
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Frequency [Hz]

® Intensity Stabilization (FM)
Filtered by MC1 & MC2

3.2x 107 reduction is expected. — 5x 107 [Hz/rHz] (TAMA)
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Input and Output Optical Components

B [nput : 2 Mode Cleaners and 4 Frequency modulations

- 1st Mod: EOM, for 1st MC control.

- 1st MC : Suspended Ring Type, 10m, F=1700,
for Mode Cleaning, Frequency and FM/AM Intensity Noise Reduction.
Signals are fedback to Laser PZT, Thermal and Ext EOM.

-2nd Mod :EOM, for 2nd MC control.
-3rd Mod  :EOM, for Interferometer control, transmitting through MC2.
-4th Mod  :AOM, Single Sideband for RSE Mirror Control,
transmitting through MC2.
-2nd MC  : Suspended Ring Type, 180m, F=1200,
for Mode Cleaning, Frequency and FM/AM Intensity Noise Reduction.
Signals are fedback to MC1 mirror and Feedaround.

® Output : 1 Output Mode Cleaner
- OutMC : Rigid Ring Type, ??m, F=100
for removing unperfectly intereferred light and Scattered light.
L




Thermal Noise (1)
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Thermal Noise (2)
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]
- Cooling method of suspended mirrors
--- Use the suspension sapphire fibers as heat path
(PLA, 242 (1998) pp 211-214, T.Uchiyama et al)
- High mechanical quality factor of sapphire

—Q~ 1089 for a Mmirror, ~10? for a suspension fiber.
(System with small dissipation. Univ - Chicago Press. V.B. Braginsky et a/)
(PLA, 261 (1999) pp 5-11, T.Uchiyama et al)
(PLA, 273 (2000) pp 310-315, T.Uchiyama et al)

—-Q~ 107 for a mirror glued with for magnets at 20 [K].
e Sapphire Fiber as Heat Path e (Q Enhancement of Sapphire Bulk

Sapphire mirror ' ) e '
' o1 ol op) 0} RN
108 v: Tt Pl
AN i
107 |-
SRR
A HEEE R
10 100

Fig. 1 Experiment setup (also see photos) Temperature [K] ‘<®



H
- Characterization of sapphire at cryogenic temperature
-—- Excellent : Specific Heat (c), Thermal Expansion (0), Thermo-optic coefficient (dn/dT)

(CQG, 19 (2002) pp2045-2049, T.Tomaru et al)
--- Acceptable : Birefringence

(PLA, 237 (1998) pp 337-342, F.Benabid ef al)
--- Inadequate : Optical Absorption Loss (3 - 150 ppm/cm). 20 ppm/cm is required for LCGT.
(PLA 283 (2001) pp80-84, T.Tomaru et al)

e Thermal Expansion e Size Effect of Sapphire Fiber ° The;mal Cogldu;tivity q
R tion by Phonon Reflection
a<107 @42 [K] K ( ) d caUetion by FHono
--- Reduces [ , . | !
Thermo Elastic Noise e ol 5
e Thermo-optic coefficient = : . =
dn/dT < 10-7 @ 4.2 [K] ;i [ 35720 S S 0 IR
e Thermal Conductivity : @03 . 5 |
K 2x10°@30[K]  E olglofiondn 003000 5 i
o & B i ;. 9 0.20 - E E
--- Reduces Thermal Lensing e ﬁ a? . (0.16 i  Polished
567689 2 3 4 56789 56 7890 2 3 4 56789
10 100 10 100
Temperature [K] Temperature [K]

a2
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Cr3+, Ti3+

Stanford Univ.

Flourescence spectrum for CSl white hight purity (Hemex)
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- Cryogenic contamination
--- No damage due to cooling of a ultra-low loss dielectric multilayered coating mirror.
(Cryogenics. 40 (2000) 61-66. Miyoki et al)
--- 0.012 ppm/day contamination speed for 0.3 m diameter, 10-° Pa vacuum and 10m Shield.

 over 20m (4 [m]) .

| o Finesse )

28000 _. ........... iyl . ............... . ............... -. ............ 0.999888

26000 _.. ............... .. ............... . ............... -. ............ —~ 0.999870

Finesse

24000 _,., ............... '\.- ............... « ............... '\. ............ —~ 0.999870

22000 f=reeereeeees % %c:c:} ............ -~ 0.999826

300 T[K] ok | etk
Cryogenic Mirror ( ~ 20K) 106 P[Pa] 2000 e e e T e g

aouro8|I8y Bulpuodsalio)

Molecule flux ( d )2 P
on a mirror Ah) ~\[2mtmkT

[1/m?2]




Heat Link 32 R O MR & 288

| Q by Kasahara

- Thermal Conductivity of SN aluminum ( ¢0.2, 0.5, 1, 2) and 7N Copper ( ©0.2, 1)
--- 20000 [W/m/K] @ 10 K for @>0.5mm (High RRR)

--- 10000 [W/m/K] @ 10 K for @~0.2mm (low RRR)
Note: RRR(Residual Resistance Ratio) are likely to be small as the diameter becomes smaller.
The Manufacturing process might spoil RRR as the diameter becomes smaller.

- We verified RRR can predicts thermal conductivity. --- K ( )  RRR not diameter.

- No size effect was verified for more than (0.2 mm diameter wires.

- 50 times U - shape bending cycles reduced the thermal conductivity by 10 %,
which is not fatal in practicability.

- Q value of Al and Cu wires are 400 and 1630 @ 8 [K], respectively.
- Young Modulus @ 8 [K] is 1.5 times bigger than that @ 300 [K]. Al is softer than Cu .

---- Al is best for heat link material.
---- Thermal noise of heat link wire is verified below the design sensitivity in spite of
the wire’s low Q.
---- Seismic noise (Vertical - Horizontal coupling) through heat link wire 1s comparable
with the design sensitivity assuming 1/100 isolation by SPI (Suspension Point Interferometer).
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Suspension Point Interferometer

H SPI by Aso

m SPI

SPI Isolation
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- Inverted Pendulum
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Control LV
- Position Control - St ,,
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Summary

m LCGT

LCGT

10---1kHz

R&D
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