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Motivation: differential sensing + control

e All inertial sensors are worse at low frequencies
e Also, tilt-horizontal coupling...
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Previous work - S. Kohlenbeck

a) Distance between two AEI-SAS
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https://dcc.ligo.org/DocDB/0183/P2200259/003/A%20study%20on%20motion%20reduction%20for%20suspended%20platforms%20used%20in%20gravitational%20wave%20detectors.pdf

Goals for SPI @ Stanford

Document and UHV-rate SPI fabrication

Integrate with LIGO real-time system (CDS)
Demonstrate low noise floor

Test optical pointing stability (and other characteristics)
Distribute to (LIGO) sites
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Optical Schematic
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Physical build




Physical build cont.




Latest Noise Spectrum
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Long-term points of improvement

e Better handling of fiber optics
e Dealing with problems due to in-air section

e Further noise hunting



Collaboration with NNXO

N

(a) double crystal x-ray monochromator (b) 4-bounce x-ray delay line

0, 0,
0, 0,+0,+6 =90° 0,
2 flat mirrors '\—1/' 0=0.05-04"

(c) tunable hard x-ray cavity for future X-FELs

Cr: NNXO proposal
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Collaboration with NNXO cont.
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(b) 4-bounce x-ray delay line

closed loop on pitch and yaw
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Conclusion

e Excellent performance demonstrated at AEI
e Stanford engineering model has cleared software integration hurdles
e Noise hunting ongoing

Onwards to A+!
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Heterodyne phase detection

b1 @

Cr: G2100582,9
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https://dcc.ligo.org/LIGO-G2100582

Angle: other possible geometries
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https://dcc.ligo.org/LIGO-G2100582

Phasemeter Split Readout
Sina’s results: Our results:

(Cr: G2100582, 13)

Coherent Residual of QPD signals in Sensing IFO
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https://dcc.ligo.org/LIGO-G2100582

Parallel work - CRS/BRS

(picture of cBRS @ Stanford)
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https://dcc.ligo.org/LIGO-G2100779

Parallel work - Improved state estimation in suspension

SRCL
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Parallel work - Digitally Enhanced Interferometry
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Glenn de Vine, David S. Rabeling, Bram J. J. Slagmolen, Timothy T-Y. Lam, Sheon Chua, Danielle M.
Wuchenich, David E. McClelland, and Daniel A. Shaddock, "Picometer level displacement metrology with
digitally enhanced heterodyne interferometry," Opt. Express 17, 828-837 (2009)
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Parallel work cont. - Deep phase modulation
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Gerhard Heinzel, Felipe Guzman Cervantes, Antonio F. Garcia Marin, Joachim Kullmann, Wang Feng, Karsten Danzmann,
"Deep phase modulation interferometry," Opt. Express 18, 19076-19086 (2010);
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-18-18-19076
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Where would we put an SPI?

LIGO Optical Layout, L1 or H1 BSC5/BSC10
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Table 1.1: Differential length, pitch, and yaw expected noise floor relative to the first
stage platform target in the LIGO vertex.
Noise Floor and Target 0.01 Hz 0.1 Hz 1 Hz 10 Hz

Previous work - D. Clark g o s

1.7+10°% 1.9+107% 631071 1.3+107°
Optical lever target, HAM 4-5 5.5:10-¢ 55.10°7 55.10°10 55.1071
Length sensing noise floor (m/+/Hz) 451079 Hu10-10 6 #10=1 9.5 10712
Length target, HAM 4-5 55-1076 55.1077 5.5.10°10 4.5571
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Previous work cont. - LISA project
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phasemeter,” Class. Quantum Grav. 21, S581 (2004).



