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| nterferometric Narrow-
Angle Astrometry: Data
Analysis

Andy Boden
Interferometry Science Center

|PAC/Caltech
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Overview

Introduction

Reminder: Measurement Tolerances
(External) Baseline Knowledge

Target Delay Measurement & Bias Calibration
Separation Estimation

What Next...?

Summary
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T

Interferometric Tolerances ¢+

AS:E
B

~ AAd +Ad£:@+A8§

ANS .
B B B B

> 04~0.,*B;0B/B~0s/s
» TakeB ~100 m, As~ 20" (10 rad)

» To Makeal0 pas (5*1011 rad) measurement:
> Must measure Ad to ~ 2.510° m >> (2.5 nm) <<
> Must measure B to 2.5 partsin 107 >> (25 pm) <<
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Narrow-Angle Astrometric T%@?
Sequence b

Global (HIP) Reference Objects
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Science Target 4.
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° 15 ° Field

_ oLocal Reference Objects
] ° ::.‘
°

B (Evolvesin Time
With Earth Rotation)

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, W, 1)

Science target motions compared
against local frame
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(External) Basaline

Knowledge
> O(25 um) Baseline Knowledge

» Canonical Model: Observations of Known (e.g. Hipparcos)

Stars Over aWide (~ 1 rad) Angle
> Again Delay isthe Observable:

d = 3 (t)e B+C
(d) (S-S-,S.,1"

\dn] \Sn—xSn—ySn—z]'/

C

> ProblemisLinear if Star Positions are Known (Hipparcos)
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Example PTI Basdline Fit

Delay/Residual Time Trace -- 101120 binfo
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rms delay residuals ~ 50 pm

13 Baseline uncertainty ~ 20 um
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Differential Interferometric Tﬁ%@

Astrometry

Thcident
Phasefiohis

=1

> Two Simultaneous

Beam Combiners,
|ndependently
Tracking Two Stellar
Sources

Differential Delay
Mechanism

Metrology In Each
Interferometer
Measuring the
Relative Delay

Relative Delay
Differenceisthe
Observable
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Ditferentia Interrerometric ﬁ%@
Astrometry (cont) B
dz _d1 — (éz' E-l-CZ)—(él' §+C1)

=(S,-5)*B+(C,-C))
Ad =Ase B+ AC

> Delay Difference (Ad) is Observable Proxy for Sky
Separation (As)

> Differential Delay Contains Instrumental Signature
(Bias Term -- AC) That Must Be Calibrated
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Bias Term Calibration

> Two Separate
Interferometers >> Two
Separate Bias Terms

> Simultaneous M easurement
of the Same Star with Both
|nterferometers Yields
Estimate of Relative Bias
Difference

Time

Int 1

Int 2
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Bias Calibration -- Example ¢
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Bias Calibration -- Example ¢

Calibrated Data
-7000 , , | :

] ] ] |
"61Cyg.99230.cal delay" u 3:4 +
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Ast Quant (um)

5000

-5000

-10000

-11000

-12000
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-15000

-16000

55
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Bias Calibration -- Example /¢

Successiul PS Calibration
28000 - T T

| ]
“/home/bode’pti/astData/99230 dual data” u 5:14 '
P Primapwetoms r".l:
27000 - 1

26000
25000 1
24000 + 1

23000 - —

AstQuant (um)

22000 + .

21000 +~ -

20000 -~ -

1 Bnm | | | | 1 !
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Bias Calibration -- Example &

Successiul PS Calibration

- - e
“fhome/bode/pti/astData/99230. dual data® u 5:14 |

a1 e |4.\_-.|
I | al =i ST L

27315 F
27310 |- =
E .
I-:.-I-' T T t } I
= 27305 f- vt e d % ! M
| = et b
s -1 - &
3 .ﬁf o A
W
=L
2300 - =
27295 =
PP Model: 27274.1 + 5.14334 “ t, drift 0.35845E, rms 0.59952

27290 I

2.8 5.82 5.84 5.86 o.88 = 5.92
UT {hrs)
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Bias Calibration -- Example /¢

Failed PS Calibration -- max drift

AstQuant (um)
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23000 -
22000 +
21000 +~

20000 +
rr | oo
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T e
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Bias Calibration -- Example ¢

Failed PS Calibration = masx drift

T I I i
“home/bode/pti/ast Data/99230 dual.data" u 5114 =
27320 Primary-Primary Model 0

27315 e

27310 £ .

-“:_} _| m; " . :#} g

27300 | -

27305

27295 e

PP Model: 27138.9 + 28.0492 * t, drift 1.845, rms 1.6937
27290 -

5.88 58 552 594 596 5.98
LT {hrs)
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> Astrometric Delay Quantity -- Composite of Metrology
Delay and Fringe “ Group Delay”
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Separation Estimation

> Having Calibrated and
Removed the Differential Bias
Term, Oneis Left With:

-7 000 1

Ad =As* B wl
- hY

> Glven that we Know B,
Estimating Asis
Straightforward...

11000

At Cuant (um)

-1 000

-13000

14000

Calferated Dala

] ] T I
81 Cyg 99230 cal dalay" u 34
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Separation Estimation --

-7000
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| | ] | ] | ]
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N Model Fit -------- .
- 4
]
. Ny .
™
| | | | I
55 6.5 7.5 B B5 g 8.5 10 105
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Freq Per 003 um bin

Separation Estimation --

v arnnlna
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Separation Estimation --

Fyvamnle

TE50 '
TEEO |-
-TB70
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-7720 -
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Separation Estimation -- m
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Separation Estimation --

C\/Aarnanl A
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Separation Estimation --

C\/Aarnanl A

8580 ‘ |
30 r
25 L

20 -

hiaan

-10

.

Calibrated Triplet 4
1

Calibrated Triplet 4

0
Residual {um)

i 1
Eglihratﬂd !Z_Ja1a.

Re=siduals

10

6.3
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| he Result -- A Relallve

aration

> The Output From a Future | SC Astrometry
Application...

> InaForm Only a Unix Geek Could Love...

hode@gnomad: /home/bodefe<tras/gnuplot-3.7.1

File Edit Settings  Help
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T
The Target -- 61 Cygni o

> 61 Cygni -- Nearby
K-dwarf Visual

Binary (K~2.5)
> ~ 650 yr Period
Eccentric Orbit ’1'3‘
» Haveit on Good g
Authority (Marcy) <
that Thereis Nothing

GoingoninThis
System WRT Planets

-10

20

-30

B1 Cygni - K5V ¢
K ~2.4and 2.9

P~0653yr
a~ 24"

e~ 04

p ~ 30.6"
8 ~ 150 deg

61 Cyg Orbit Model

g A R 5 R £ R R B 8 R

28 PT1 Data ———
T Dagg b=

20 10 0 -10
A RA (arcsec)
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A L | mecaer)

PTI Astrometry on 61 Cygni S -

§1 Cyg Oiiksn WMaded ——

I D

&) Chgini - K5 Y |||.||'_ TV

K~2Amaly |

A Dec (arcsec)

T

—26395 T T I
90 PTT Data ——+—
00185 =
=
26.4 | -
Hﬁ
W, .
o
-26.405 O -
61 Cyg Primacy Size
-26.41 | -
#
—F—
26415 -
|i1—|
= 99255
-26‘42 1 1 1 1
15.47 15.465 15.46 15.455 15.45

A RA (arcsec)

15.445
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26.395 T T 1 T 26.4 | T T |
¥ Night Residual oms 97 plas
. E
264 | - .
. 26402 | r
1 4:|r_= j
’g -26.405 61 Cyg Primary Size
t g
vt E:: 26,404 | ' '
a 196 198 200 202
= -26.41 ¢ e
S
26.415 | 99 PTT Data -
Linear Mode| ---------
Apg = -306 = 4 pas/mght x
Hipparcos Apg = -315.4 £ 0.4 pas/night g
Residual rms 170 pas
'26;"12 L 1 | | I | |
180 180 200 210 220 230 240 250 260

Day Number
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Separation Vectors -- What T%P@e »

Next?

> Now That | Have These
Separation Vectors, What Do |
Do With Them?

> In Genera, The Target Star and
Its References Have Relative
Motions:
> Relative Proper Motion
» Differential Parallax
» Possible Gravitational Companions

> Necessary to Solve for Relative
Frame

» Relativeu and 1t

» Perturbations about the nomina
relative values represent dynamical
signature

As; ()

What isit that keeps the
relative frame non-rotational ?

Wide-angle reference stars
used to determine the baseline
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Harmonic Detection il

» The Common
Detection Algorithm
for Harmonic
Signalsisthe Lomb-
Scargle Periodogram
-- Least Squares Fit
of sin Function

> Performs Well for
Data That Spans
More Than One
Period
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Figure 13.8.1.  Example of the Lomb algorithm in action, The 10 data poinis {upper figure) are at
random times between 0 and 100, Their sinusoidal component 5 readily uncovered (lower figure) by
the algorithem, at a significance level better than 0001, If the 100 data points had been evenly spaced at
unit interval, the Myquist critical frequency would have been 0.5, Note that, for these unevenly spaced
points, there is no visible aliasing into the Nyquist range.

Numerical Recipes, 2nd Ed
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Reference Stars

> |f 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
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Summary

» Canonical Moddl:

» 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, U, and 1t
+ Harmonic signal in residualsto relative frame fit



