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• Motivation: is frequency sensor noise limiting the 
performance of the Pre-Stabilized Laser (PSL) 
Frequency Stabilization Servo (FSS)?

• Approach:
» Model FSS noise using the end-to-end (e2e) simulation package.

– PD vibration.
– PD nonuniformity.

» Parameterize the effect.
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~100 (Hz/√Hz) at low 
frequencies
~10-2 (Hz/√Hz) at high 
frequencies

N. Mavalvala

P. Fritschel
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• Shot noise
» ~2x10-4 Hz/√Hz

• RFPD motion induced noise
» PD nonuniformity breaks orthogonality of between modes
» Carrier of one mode will beat with sidebands of another mode, and vice versa
» Gouy phase between different modes will create z-dependent error signal
» PD vibration then becomes a noise source
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• RFPD motion
• Phase shift at lens:

» Distance lens is from 
cavity

» Waist-size in cavity
• Spot size
• Relative NRM power
• RFPD shape, homogeneity, 

and efficiency
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∆fgouy~2 ×10−5 ~ shot noise



10/5/00 LIGO Science Collaboration – Hanford, Wa 11
LIGO-G9900XX-00-M



10/5/00 LIGO Science Collaboration – Hanford, Wa 12
LIGO-G9900XX-00-M

• Input realistic PD nonuniformity
• Include actual RFPD motion
• Consider reference cavity motion
• Consider coupling between different HOM


