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Abstract

For observing radiation pressure noise appearing in an optical cavity consisting of suspended mirrors, high lase power is necessary.
However, since the radiation pressure applied on the mirrors could cause angular anti-spring effect depending on the optical geometry of
the cavity, the high laser power could induce angular instability to the cavity. An angular control system using radiation pressure itself as an
actuator, which was previously invented to reduce the anti-spring effect for the lower power case, was applied to the higher power case
where the angular instability would be induce. As a result the angular instability was successfully circumvented. It was also demonstrated
that the cavity was indeed unstable without this control system.

1. Introduction 2. Method

» Quantum noise, which consists of shot noise and radiation || * ;Il'qhere d'arte' two ways to gem%nstratel the g[:irgglj_f[nyention of
pressure noise, mainly limits the sensitivity of KAGRA [1]. € radiation-pressure-induced angular instability:

: L _ 1. Observing time series data of the intracavity power
* In KAGRA, for reducing radiation pressure noise, the * From this data, we can determine the magnitude of the

ponderomotive squeezing technique with homodyne optical anti-spring effect. When the optical anti-spring effect is
detection is going to be used (Fig.1). larger than the mechanical spring effect, the cavity would be
unstable without the angular control system.
¥ 2. Open loop gain analysis
§ Fig. 1: Noise spectrums of * The block diagram of the rotational mode of the cavity is
§ ~~;;;;55555;;5:55;;;;;sre;;;;;gezs; wer guantum noise at various laser shown as Fig. 5. The lower loop in Fig. 5 (defined as Ggy, )
E power and noise spectrum induces the angular instability. The upper loop in Fig. 5 is the
g Ohdemmmé“gé@‘“ reduced by the ponderomotive applied angular control system as shown in Fig. 4 and
10‘2’110'O — : f:f squeezing technique. reduces the optical anti-spring effect. From the measurement
Frequency [Hz] of Ggy, we can know whether the cavity is unstable without
« For demonstrating the ponderomotive squeezing technique, the angular control system with the loop gain analysis, such
we have the experiment with the cavity consisting of a as Bode plot and Nyquist plot. ﬁ)r;gp“'a”o”tm'
suspended 23-mg tiny mirror (Fig. 2), which is used to|| « From these two data, the T -8
enhance radiation pressure noise [2]. Current sensitivity circumvention of the sgessis or
of the cavity is limited by laser frequency noise and the dark radiation-pressure-induced mstatﬁl"@*GE_’X(RF_”érE
noise of a photodetecter. angular instability using the “RPY

angular control system can Fig. 5: Block diagram of the

rotational mode and angular
be demonstrated. control system of the cavity.

(For more information, please also see the Y. Enomoto’s poster.)

; Fig. 2: (Left) Tiny

= 23-mg end mirror. 3. Result and discussion
g (Right) Cavity 1. Time series data of the intracavity power
* . | consisting of the - Angular Control
23- mge”d { 23-mg mirror. » With the angular control _isp. e ~QNg OFF || =Prans =840 mW
Jmirror L7 system, the cavity could be 2 ¢' ™ " 3 I somw
| o | | | operated in the condition £ Hovarmuatal antt I = omw
 For ObSGFVIﬂQ radiation pressure Nnoise, hlgh laser power IS where the optlcal anti- > -523"'('d'ue“tothe“'con‘t'rol')" ns.tielol’e: 70 mW
necessary. However, since radiation pressure (RP) applied spring effect is larger than g, /™ Rt i
_ _ _ the mechanical sp”ngE 1_ _____________________________ __, -..-;---.(_CI’Itlcal
on the mirror could cause angular anti-spring effect effect without the angular ~° .Sa' I~ Power
depending on the cavity geometry [3,4], the high laser control system. S tme L

Fig. 6: Time series data of the intracavity
2. Open loop gain analysis power at several laser powers.

This data enC|rcIe3

power could induce the angular instability to the cavity
(Fig. 3). This radiation pressure induced angular instability

, . L -  Under high laser power thepointNy0).7 7 — = = || —P=30mw
s called as Sidles-Sigg instability. condition, the cavity was echocimwd s~ |- nm
Fluctuation of Displacement operated stably with the E@ﬁ?r” ular 1
end mirror RP force of beam spot angu|ar control although ‘ 2 bl
w i : able
Incident f}__*_ - ”1(3’% the cavity would be Stablelduetof (goy- ;o (priginally)
light e unstable without the {2 | N
RestSANg angular control. (Fig. 7). W'th"““"”tm')% IR
force  These two results indicate that the [, 5. vua
: . : : Ciaa . _ _ Fig. 7: Nyquist plots of
Fig. 3: Schematic of the Sidles-Sigg instability. cavity is operated stably with the measured (determined)
» For reducing the optical angular anti-spring effect of angular _control under high laser [ew 2 1hee Beer bowers
the cavity, an anqular control system using radiation power condition in spite of Sidles- defined as log(] Gy, )+1.
pressure itself as an actuator was invented [5,6]. In this Sigg instability.

control system, the displacement of the beam spot on the | | Under this condition, it is also confirmed that the cavity is
tiny mirror is fed back to the angular motion of the normal Indeed unstable without the angular control.

size front mirror (Fig. 4).
— We have to demonstrated the circumvention of the

4. Conclusion
» Using the angular control system, the radiation-pressure-

this control Sys'tem under hlgh laser power condition. — This result leads to the operation of the Cavity
FEEDBACK displacement | L. o . consisting of the suspended 23-mg mirror under high
e Yo | S— o beam spot z'ngg- o ?CCO?]T%YI'ZVOH; e laser power condition for enhancing and observing
curvature e e == . . )
ture Xiwn.,, O l Using this control system, radiation pressure noise in wide frequency range.
oo ssetotgensane B the beam spot on the end
................................................................. ,%1‘ mirror is kept at center Reference
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