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BEIREDIRIR
* weak test mass actuator

* high finesse cavity

* Insufficient SAS performance

* No damping in heat links

SPI $5hlEREP=
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SPI BEDMEER DL

NE(E
3nm/fr2 /V

1250 (1550)

1.0-1.3 um RMS in displacement
0.13-0.34 um/s RMS in velocity

??? um RMS in displacement
??? um/s RMS in velocity

BYiEEIR
driver noise of 1 nV/sqrt(Hz)

laser power through ITM is limited
by cooling capability

30 nm of actuator range
impulse limit 32 nm/s
ringing velocity 53 nm/s
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Test mass actuator OETEE

* weak test mass actuator C3nm /A2 /v D driver noise of 1 nV/sqrt(Hz)

?

Such a naive actuator is out-of-date.

For lock acquisition
75 nm /fA2 /V

switching For steady operation
> 75 nm /fA2 /V + (pole 1Hz, zero SHz)/~2

Above the 5Hz region, driver noise contribution can keep same level.

* Insufficient SAS performance 1.0-1.3 um RMS in displacement 750 nm of actuator range
0.13-0.34 um/s RMS in velocity impulse limit 160 nm/s
ringing velocity 53 nm/s

--> improve, but not enough.



.3

SPI 5 h{E¥SES 2009-08-13

Can Alternative Lock Techniques solve the problem?

* Insufficient SAS performance 1.0-1.3 um RMS in displacement 750 nm of actuator range

0.13-0.34 um/s RMS in velocity impulse limit 160 nm/s
ringing velocity 53 nm/s

* Green Lock

* Guide Lock

(low finesse 100)

not enough 750 nm of actuator range

will solve (*) impulse limit 400 nm/s

can solve ringing velocity 4175 nm/s

not enough 750 nm of actuator range

may solve (**) extrapolation limit 7500 nm/s
may solve ringing velocity 53 nm/s

* In reality, about a half of impulse limit is a critical velocity to success the lock acquisition.
Therefore, it is no margin or is hard to lock when large micro-seismic motion is occurred.

** To success the guide lock, it is suitable that the mirror motion is dominated by pendulum

resonance. In this situation, it is easy and is proper to extrapolate the mirror motion
with uniform velocity assumption. If not, it is hard to assure of its performance.

--> Cannot solve!
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Test Mass Displacement ADZER({HE
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Test Mass Displacement ADER{E
* 75 nm RMS <-- feedback signal is set to be 1 volt RMS

SAS DEEENRLS R ?

--> MR EBMOBHEY. SRR EEEDEEBNIVE,
CLIO-TAMA 3 # B study THLR— kUTekS (CHIRRDEETOENEEL,
—EORRIEEEPEE T LIRS, BHREEIIIFHER (CEE S B THEL SV\OEFIERFTHIE,

integral interval [0.01-4 Hz] [0.1-4 HZ]
RMS in displacement 1.0-1.3 um 0.023H0.27 ] um
RMS in velocity 0.13-0.34 um/s 0.030H0.30) um/s
good Wwhen micro seismic is large
not enough

SPI THERAJHE ?

SPI TRITNIIRSIRVD ?
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The necessity of heat link damping
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* No damping in heat links ??? um RMS in displacement
??? um/s RMS in velocity

Eddy current damping (passive damping)

RERE. BENCKDE mm BEAI THEO DT eddy current damping DL D74k gap & mm B THIFLRALE
WFTRWEWDSERIFE UV, FIEKABADHHNERE TEILT DI EENHND TLDDTER COTHETHEE
NEBENDBITZERE T D EEANBEENZS L,

Active damping (1) : by displacement sensing with reference to the inner shield (cryostat)
or something inside the cryostat.

Active damping (2) : by inertial sensor

Active damping (3) : local SPI / with reference to something outside the cryostat.

WINICEB X, o ERFENRERIBOBIE (A1 2DOBER+E—RU>IR) BNRESKRNE
EENRRRICIRSIR.

--> BFEETIILBIDEETH S,
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The necessity of Gree

n Lock
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* SPI ’&dNIE. Green Lock (FFRED ?

Deterministic lock Z%IR9 B CIIARATR,

C DREEDFERE SPI FAHEESRL R— MIEDRADHED,
BDIADIRS

Feasibility:

- Cavity design

- Coating design

- Fiber induced phase noise cancellation

- Total system design

Cost estimation:
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