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Metrology of LIGO Optics using 
Fizeau Interferometry

GariLynn Billingsley



2 LIGO-G010060-00-D

Test Masses have the most stringent requirements

›› σrms < 0.8 nm over the central 80 mm diameter (~beam waist for LIGO1)

– With Tilt, Power and Astigmatism subtracted

›› Radius of curvature must match to <1.5% and be accurate to <3%

– Corresponds to a repeatability of < 5nm and an accuracy of < 10 nm

LIGO Core Optic Specifications
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• 150 mm aperture

• Measurements made at 1064 nm (usu 632 nm)

• Longer movement in PZTs, 2 waves of travel (usu 1 wave)

• Fixed Zoom: 25mm and 150mm (usu variable zoom)

• 6 Custom Reference Flats

• Able to measure High Reflectors using special “Clapham-Dew” 
coating on 2 of the Reference Flats.

PZT

The interferometer
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39 Lauritsen
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Dataset = average of 8 measurements (takes about 1 minute)

for each optic we measure:
Arrow at 0°
Arrow at 45°
Arrow at 90°
Arrow at 180°
Arrow at 0°, off axis by 35mm
Arrow at 0°, zoom to 6x

Data
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“C” Flat Reference Data Set
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Zernike Polynomials 
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››4 cavity measurements

››“Absolute” results along the zero 
and ninety degree diameters.

››Approximate results elsewhere.

–  Chiayu Ai and James C. Wyant, 
“Absolute testing of flats by using even and 
odd functions,” Appl. Opt. 32, 4698-4705 
(1993).

Calibration:
Three Flat Test
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  (P.  Hariharan “Optical flat surfaces:direct interferometric measurement of small scale surface 

irregularities”, Opt. Eng. 35 3265-3266 (1996).)

Contribution

1.0

0.15

Spatial frequency of surface errors
0.17 cm-1 1.2 cm-1

High Spatial Frequency Calibration
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 Reference Map = Z3 (TFT) + AVG(all “C” measurements - Z3)

Optic = Cavity measurement - Reference Map

Reference Map
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Thermal Noise (turbulence and alignment drift)

Camera Noise

Vibration

Noise Sources
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Subtract two cavity measurements in software

Difference Maps Uncover
Noise
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Cavity difference (short term)
~ 0.14 nm rms

Cavity Measurement Difference in consecutive
Cavity Measurements
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Cavity Difference (short term)
Evidence of Vibration ~0.15 nm rms
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Cavity Difference (long term)
Evidence of Turbulence ~1.0 nm rms
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Change in Reference flat
over 5C°
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Added an insulated aluminum box which surrounds the optic and 
reference flat

Added a thermostat controlled valve on the chilled water

Disabled the LARGE volume fan in the airhandler and replaced it 
with a small household fan

Added a small household fan inside the tent to stir the air

Changes in the Lab
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Stability before and after

0.475 to
-0.1044

0.0217 to
-0.018
waves

waves

Lab Temperature
change 

0.7 C°/day

0.1 C° max
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Measurement of Pathfinder piece A001 - 2 apertures

200 mm 150 mm

HDOS 6.097 Km

CSIRO 6.06 Km 6.08 Km

CIT 6.10 Km

Results
Radius of Curvature
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Results
Surface errors (spec <0.8 nm)



22 LIGO-G010060-00-D

Repeatability
<0.2 rms
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Homogeneity Measurement
“Flip” method
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Homogeneity Measurement of
25 cm Sapphire substrate
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Measurement of small ROC (40 meter optics)

Transmission measurements of Sapphire

Calibration Study

Coming Soon


