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~ Based on frontal modulation

~ Demodulation at the 3rd harmonic frequency (3fm)

~ Control signals for RM and BS 
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~ Insensitivity to arm cavity motions

~ Robust extraction: amplitudes and signs of the signals

-- less dependent on the optical parameters 

~ Beating of 1st and 2nd order modulation sidebands
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δl−δl+
δL+

δL+ δL−

lI

lP

LP

LI

δl−δl+
δL+

L−=LP−LI

L+=LP+LI

 l− = lP−lI

 l+ = lP+lI
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~ because of the phase enhancement by the arm cavities

~ signal ports are ~100 times more sensitive to δL+ than to δl+  
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The δl+ signal vanishes when G0 = G1 .

The δl− signal vanishes when G0 is maximized. 
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Effect of SB2
Emphasized at the reflection port

The amplitudes and the signs
Less dependent on the couplings of CA and SB1
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~ no addtional modulation
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~ in comparison with the fm demodulation
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~ do not depend on the optical parameters
~ never change during lock acquisition 
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~ less dependent on the optical parameters
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~ the δL+ signal is extracted at the reflection port
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Light source:
Nd:YAG
1064 nm, 42 mW

Arm length:
2.95 m

Arm finesse:
~240

Suspended Mirrors
Double pendulums
Enclosed in chambers
Recycling Gain

~3.8 (RR=0.63)
~5.4 (RR=0.81)
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~ Sensitivity to dL+  --- 20 times reduced.
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~ Modest optical gain variations during lock --- confirmed.

~ Sign of the dl- signal --- never been flipped.
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~ Stable operation with recycling gain of 5.4 
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���δl+ 1 / 7.6

���δl- 1 / 10.7

#���δl+ 1 / 1.7

#���δl- 1 / 1.9
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δl−δl+ δL−δL+

Pick-off
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~ The best separation ratio (dL+ / dl+) of  about 0.5
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(measured with modulation depth m of 0.7)



����������
���
��������
���
�������δ����������

����������
���
��
�����
���������
�
���

~ Demodulation at the 3rd harmonic frequency
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~ Stable lock has been achived

~ Inherent insensitivity to δL+ (20 times improved)

~ Robustness of the signal amplitudes during lock

~ Sign of δl- does not depend on the optical parameters.

~ Stable operation without pick-off mirror  (rec. gain of 5.4)


