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•  Introduction

• Astrometry with SIM-Lite

•  SIM-Lite Instrument design

•  Fringe detection

• Major error sources
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SIM-Lite Mission

Salient Features 

•  6 meter Science Michelson Stellar 

Interferometer (MSI)

•  4.2meter Guide 1 Interferometer

•  30cm Guide 2 Telescope

•  Visible wavelength 450 – 950 nm.

•  1.0 micro-arc-second Single Measurement 

Accuracy (900s) in Narrow Angle mode.

•  4 micro-arc-second End of Mission Accuracy in 

Wide Angle mode.

•  Mass without contingency 3,750 kg.

•  Launch vehicle: Atlas V – 531.

•  Earth-trailing solar orbit.

•  5 year mission.
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Astrometry with an stellar interferometer
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Differential Astrometry


•  SIM measures the differential astrometric position between 
several stars, using the internal metrology system.




National Aeronautics and Space 
Administration

Jet Propulsion Laboratory

California Institute of Technology


SI
M

 (L
ite

) 
Guide stars


•  The Guide 1 interferometer and Guide 2 telescope track two bright stars 
(g1, g2) to monitor the change of the Guide baseline (BG) attitude.


•  The external metrology system track the change in the Science baseline 
(BS) orientation relative to the Guide baseline. It also tracks the change in 
the baseline length.


2 

ĝ1 
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Wide Angle Observation


•  The Guide 1 interferometer and Guide 2 telescope stay locked 
to their respective guide stars, tracking the change of the 
baseline attitude.


•  The Science interferometer observes sequentially the Guide 1 
star, the Grid stars and the Wide Angle target stars if any. 


15 degree Wide Angle field 
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Narrow Angle Observation


•  The Guide 1 interferometer and Guide 2 telescope stay locked 
to their respective guide stars, tracking the change of the 
baseline attitude.


•  The Science interferometer chops between the Narrow Angle 
target star (T) and each of the Reference stars (R1, R2, R3, R4). 


2 degree Narrow Angle field 

T 

R1 

R2 

R3 

R4 
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Optical Prescription


Science 
Guide 1 

Guide 1 Guide 2 

Science 

Bay 1 

ABCs 
Bay 2 
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Configuration


Spacecraft 

Instument electronics 
& metrology sources 

Precision 
Support 
Structure 
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Science Bay 1 (looking from –X)


SID 
M1 

M2 

PDO 

FSM 
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Motor-based mechanisms


Siderostat 
mechanism 

Siderostat optic 

Optical  
Delay Line 
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Guide 1/2 Bay 1 (looking from –X)


SID 
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Guide 2 Sensor


•  “Guide 2” tracks θ, the rotation of the astrometric 
baseline around the Guide 1 star.


Science Field 
of Regard 

α 
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Guide 2 Telescope

Guide 2 Multiplier:


50 micro-arcsec accuracy Star 
Tracker over 1 arcsec range.


Astrometric Error Budget (Top level)


ScienceGM α
ηsin2

1
2 ⋅
=

M1

M2

Siderostat
ACC

TCC

Internal metrology

Pointing 
Sensor

CCC

Relay

Science  
Interferometer 

accuracy 
0.9 µas 

1x 
Multiplier 1x 

Multiplier 0.0087x 
Multiplier 

Guide 1  
Interferometer 

accuracy 
0.9 µas 

Guide 2  
Telescope 
accuracy 
50 µas 

Science  
Interferometer 

accuracy 
27 picometers 

6 meter 
Baseline 4.2 meter 

Baseline 
Guide 1  

Interferometer 
accuracy 

19 picometers 

Root Sum   Square  
Science 

allocation 
0.9 µas Guide 1 

allocation 
0.9 µas Guide 2 

allocation 
0.4 µas Other 

allocations 
0.4 µas 

Single Measurement  
Differential Accuracy 

1.4 micro-arc-seconds (µas) 
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Astrometric Beam Combiner


Internal Metrology 
Beam Launcher 

Fringe Tracker 
Camera 

Angle Tracker 
Camera 
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Internal Metrology


•  Heterodyne metrology system

•  Internal metrology Beam Launcher


Polarizer & 
Wave Plate 

Mask 

Glass Bench 
Detectors & 
Electronics 

Separation Mirror 
Beam 
Splitters 
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Camera focal planes


•  An image of the star is formed on two quadrants of the star 
tracker detector, one image per arm of the interferometer.


•  Four sets of fringes (two polarization states x two 
recombination ports) are dispersed on the Fringe Tracker 
detector.


Angle Tracker Fringe Tracker 

E2V CCD-39 array 
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Optical path dither 
modulation  

strokes 

1 target star 
measurement 

Ten 1-chop  
measurements 

  8 

30 

Single 1-chop 
measurement 

90 

slew slew 

900 

T R1 

φWL-MET 
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d1 = T - R1 

 d1  d2 d1 d2 d1 d2 d1 d2 d1 d2 

msec 

sec 

sec 

sec 

d2 = T - R2 

T 

SIM’s time scales


0.5 msec CCD frame and 
50 heterodyne averages 
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White light fringes 


•  We displayed only one full dither stroke (20 images), as a 
function of the spectral channel along the horizontal axis


Wavelength 

Tem
poral B

in 
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Actual fringe and dither positions 

observed in MAM testbed. 


2ms bin 
40ms dither cycle 
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Guide 1 Bay 2 (looking from –X)
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Science Bay 2 (looking from –X)
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SIM Basic Definitions and Parameter Values
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Instrument Errors

•  Random noise and thermal drift


–  Modeling predicts flight performance 
better than that of ground testbeds.


–  Ground testbed data (MAM & SCDU) 
show random/thermal noise to be 
white after chopping and averages to 
less than 1 pm with no floor based 
upon longest data sets taken to date.


•  Field dependent (e.g., beamwalk)

–  SIM-Lite NA measurements all made 

within 1° of center of field. Ground 
testbed data (MAM & Kite) show no 
significant high order field errors over 
that range.


•  Color dependent

–  Spectral Calibration Development Unit 

(SCDU) showed how to correct for 
stellar color dependent errors when 
chopping.
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Summary

•  SIM-Lite’s technology development program is  completed.


–  Perhaps the most heavily externally reviewed technology program ever.

–  Demonstrated better than NRC Goal-level performance capability.


•  Subsequent engineering risk reduction has demonstrated flyable 
hardware for most critical elements (e.g., picometer metrology).


•  SIM-Lite science remains as compelling today as it was in 1990.

–  SIM-Lite’s combination of dim-star (≤V20) with ultra astrometric 

precision (1 µas) penetrates where no other mission can.

•  The project has worked hard to find more affordable options.

•  SIM-Lite is technically ready to launch as early as mid-decade. 

Actual launch date will depend upon funding



