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Overview
! Introduction
! Reminder: Measurement Tolerances
! (External) Baseline Knowledge
! Target Delay Measurement & Bias Calibration
! Separation Estimation
! What Next...?
! Summary



Interferometric Tolerances

! σd ~ σs * B; σB / B ~ σs / s

! Take B ~ 100 m, ∆s ~ 20” (10-4 rad)

! To Make a 10 µas (5*10-11 rad) measurement:
! Must measure ∆d to ~ 2.5*10-9 m >> (2.5 nm) <<
! Must measure B to 2.5 parts in 107 >> (25 µm) <<
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Narrow-Angle Astrometric 
Sequence

! Observe baseline reference 
objects (~10 mas -- 15 deg field) 
to establish baseline 3-vector

! Differential delay measurement of 
target WRT two nearby (~20”) 
reference objects

! Separation vectors at epoch; 
establish relative frame 
parameters (pos, µ, π)

! Science target motions compared 
against local frame

B (Evolves in Time
With Earth Rotation)

Global (HIP) Reference Objects

Local Reference Objects
Science Target

15 ° Field



(External) Baseline 
Knowledge
! O(25 µm) Baseline Knowledge
! Canonical Model: Observations of Known (e.g. Hipparcos) 

Stars Over a Wide (~ 1 rad) Angle
! Again Delay is the Observable:

! Problem is Linear if Star Positions are Known (Hipparcos)
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Example PTI Baseline Fit

rms delay residuals ~ 50 µm
Baseline uncertainty ~ 20 µm



Differential Interferometric
Astrometry

! Two Simultaneous 
Beam Combiners, 
Independently 
Tracking Two Stellar 
Sources

! Differential Delay 
Mechanism

! Metrology In Each 
Interferometer 
Measuring the 
Relative Delay

! Relative Delay 
Difference is the 
Observable



Differential Interferometric
Astrometry (cont)

! Delay Difference (∆d) is Observable Proxy for Sky 
Separation (∆s)

! Differential Delay Contains Instrumental Signature 
(Bias Term -- ∆C) That Must Be Calibrated
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Bias Term Calibration

! Two Separate 
Interferometers >> Two 
Separate Bias Terms

! Simultaneous Measurement 
of the Same Star with Both 
Interferometers Yields 
Estimate of Relative Bias 
Difference

Time

Int 1 Int 2

Target

Reference



Bias Calibration -- Example
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Bias Calibration -- Example



Delay is not Just Delay...

! Astrometric Delay Quantity -- Composite of Metrology 
Delay and Fringe “Group Delay” 



! Having Calibrated and 
Removed the Differential Bias 
Term, One is Left With:

! Given that we Know B, 
Estimating ∆s is 
Straightforward...

Separation Estimation

Bsd •∆=∆



Separation Estimation --
Example
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Separation Estimation --
Example



Separation Estimation --
Example



The Result -- A Relative 
Separation
! The Output From a Future ISC Astrometry 

Application...
! In a Form Only a Unix Geek Could Love...



The Target -- 61 Cygni

! 61 Cygni -- Nearby 
K-dwarf Visual 
Binary (K~2.5)

! ~ 650 yr Period 
Eccentric Orbit

! Have it on Good 
Authority (Marcy) 
that There is Nothing
Going on in This 
System WRT Planets



PTI Astrometry on 61 Cygni

2000x



1999 Declination-Only Data



Separation Vectors -- What 
Next?
! Now That I Have These 

Separation Vectors, What Do I 
Do With Them?

! In General, The Target Star and 
its References Have Relative 
Motions:
! Relative Proper Motion
! Differential Parallax
! Possible Gravitational Companions

! Necessary to Solve for Relative 
Frame
! Relative µ and π
! Perturbations about the nominal 

relative values represent dynamical 
signature

~ 1’

∆sij(t)

What is it that keeps the
relative frame non-rotational?

Wide-angle reference stars
used to determine the baseline



Harmonic Detection
! The Common 

Detection Algorithm 
for Harmonic 
Signals is the Lomb-
Scargle Periodogram 
-- Least Squares Fit 
of sin Function

! Performs Well for 
Data That Spans 
More Than One 
Period

Numerical Recipes, 2nd Ed



Reference Stars
! If Target Exhibits Periodic Signal 

Against One Reference Star --
Unable to Determine Who is 
Doing the Wobbling

! With Two (Or More) Reference 
Objects, Target Motion Shows Up 
as Common Periodicity in 
Multiple Target-Reference  
Periodograms 



Summary
! Canonical Model:

! Baseline calibration from wide-angle reference stars
" Calibrates the baseline 3-vector

! Separation estimation
" Relative bias term calibration
" Separation estimation from calibrated differential delay

! Separation dataset
" Relative pos, µ, and π
" Harmonic signal in residuals to relative frame fit


