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Purpose of our RSE experiment

Other table top experiments
Feature

Fixed mirror in the air <> Different from real interferometer
_ _ Qly low finesse available
Multi modulations _, qamplicated (Transmission of MC,
Control scheme)

ODbjectives/ Scope

Toestablish the control scheme using single modulation
Sigpended mirror
Hgh finesse cavity in vacuum chamber
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Most difficult point of RSE locking

the extraction of
a Signal Extraction Cavity(SEC) signal(dls).

Mixture of oL+ and oL - signal
to olssignal is quite large.

1l

ols
—multi modulation
—establish a new sensing scheme using single modulation
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Application of 39 order harmonic demodulation

18t order demod. .5 < { OL+,0L-® Jo(Ca) X (Shl,-1) ¢
Ols ® O(Sbl,-1)x(Sb2,-2),.
.1 Sp1 +(Sb1,-1) . X (Sh2,-2)
Sb-3 Sh3
] l
— = a
L+, 3L- * dls
3 order demod. __ M_ - ® 6(Ca) x (8F-3) ¢
um — 70
Sb-1 Sbl { J1s ® J(Sbl,-1)x(Sb-2,2),,.
% L J > +(Sh-1,7)pe X 5(SH2,-2)
T o Ml

ms
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Dark condition of 3 order sideband

3rd order sidebands vanish
at the anti symmetric port

Asymmetry in Michelson j

Asymmetry
(J13m)
Eﬂ/l | solator
|

Freqguency

Tripler 1
X3 |
O—

17.228MHz 51.75MHz
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Signal ratio

Signal ratioof 0 L-and o Is
with 1% and 3" order demodulation I the demodulation phaseis
exactly zero, oL- iszeroin both
— 1st order demod. | 15t @nd 39 demodul ation case,

— 3rd order demod.

ol but in non zero demodul ation
T — | phase case, 3" demodulation has

102_ Y _ good signal ratio.

6
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The depth of improvement is

— depend on the asymmetry length.
|  We can adjust the modulation
frequency instead of asymmetry
length to satisfy the condition.
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RSE experimental setup

H00mW Nd'YAG Laser FM,EM,BS,SEM are suspended as single loop pendulum.
R' 4m two arm cavities, finesse:1000(vacuum) or 300(air)
8.75m SEC, Ry,,=0.6
Big (3m) asymmetry

Mode matching is compensated by two lenses.

Chamber
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Experimental setup of RSE

nall vacuurﬁ 3 f*
.="" chamb“'

3m Pl ‘e.‘

Institute for Cosmic Ray Research Univ. of Tokyo



Small Suspension System (SSS)

* 1 inch mirror is suspended by single-
loop wire.

e Mirror position and orientations are
controlled by 4 coil-magnet actuators.
e Motion of the mirror at resonant
frequency is efficiently damped by the
eddy-current damping.
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RSE control topology using THD

FCearor signal is extracted by
Third Harmonic Demodulation at

Anti Symmetric port.

Two FP arm cavities are locked by
picked-off light independently.

Freguency is stabilized by error
signal of primary arm cavity.

Lock time is over 10 minutes.

ot vacuum
without Power Recycling
ot detuned
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L ock acquisition of RSE

V[arb. unit]

V]arb. unit)

V]arb. unit]

V]arb. unit]
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L ocking selection of SR/RSE

Power at
unlock cerk por

>
Error sig. of SEC from
34 demod. at dark port

RSE lock
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Measurement of cavity Transfer Function

Seking L- to seethe ~ v
cavity response ‘

V—2 = Pendulum T.F.
V1

[ >

X Optical Gain(L-)
(x DC)
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Transfer function

Transfer Function of L- with Pendulum

—sR |
—— FPMI

0.1 T |—RSE |
Llf 0.01 resonance of
pendulum
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SR : upper than FPMI
RSE : lower than FPMI
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Relative Transfer Function

— SRIFPMI
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 Difference between
transfer function of SR
and RSE at DC is 7dB.
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Conclusion

— We locked suspended-mass Resonant Sideband
Extraction with one modulation and by Third Harmonic
Demodulation.

— We confirmed the RSE and SR locking by comparing the
response of the interferometer for both configurations.

Next plan

— vacuum

— measurement of T.F. with wide band including pole

— L+ L- control

— detuned RSE

— Power Recycling
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