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Adventures in Astrometry - GFB

Typical response to the word

Not anymore. 109 refereed papers with Gaia 
in the title since end of April.
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Astrometry and orbital motion
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Astrometry, a simple example
5 "plates"
different scales
different orientations

Result of Overlap
Solution to
Plate #1

Precision = standard deviation of the
distribution of residuals ( ) from the
model-derived positions (*)

1 2 3

4

5

I 0.002 arcsec

Star Positions 
to Astrometry
Modeling, scale, 
rotation, and 
offset

xi   =   ax + by + c
eta = -bx + ay + f

The resulting six 
(xi, eta) pairs are a 
catalog with 
associated errors. 
Also get the 
residuals to the fit.
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The Early Years
The Discovery of Neptune in 1846

by Le Verrier,
with ASTROMETRY
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van de Kamp and 
Barnard’s Star
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From Sky and 
Telescope, 
1994



P. A. Ianna, 1995, Ap&SS, 223, 161
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HST
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HST lets us measure angles with 
millisecond of arc precision, a quarter 
1500 miles away.



M Dwarf MLR - GFB 150415AAS 212 St. Louis, MO           4 June 2008       GFB-15

HST 
Focal 
Plane



Space Astrometry with an Interferometer 
on Hubble Space Telescope

The Koester�s Prism - the Interferometric Heart of a
Fine Guidance Sensor (FGS)

A B

S = (A-B)/(A+B)
Effectively, a 2.4m baseline interferometer
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Barnard's Star
3.3 years of HST/FGS 

Astrometry
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We missed this one.* 
No shame.
Would require 1 µasec
measurement 
precision, not
the 1 mas we had.

*Anglada-Escude, 2016, Nature, 536, 437
RV detection



… the dregs of my hopes having gone 
up in flames …



What We* Did 
Not FIND, but Measure

*Benedict, McArthur, Harrison, Martioli, Bean

Companion M*  (MO ) [Fe/H] Sp.T. d(pc) ecc M (MJup ) ! (mas) inc(°) P(d)
" And c 1.31 +0.15 F8 V 13.5 0.25 14 ± 4 0.62 8±1 241
" And d | | | | 0.32 10 ± 2 1.4 24±1 1282
GJ 876 b 0.32 +0.17 M4 V 4.7 0.1 1.9±0.5 0.25 84±6 61
55 Cnc d 1.21 +0.32 G8 V 12.5 0.33 4.9±1.1 1.9 53±7 4517
#  Eri b 0.83 -0.03 K2 V 3.2 0.7 1.6±0.2 1.9 30±4 2502
HD 33636 B 1.02 -0.13 G0 V 28.1 0.48 142±11 14.2 4.0±0.1 2117
HD 136118 b 1.24 -0.01 F9 V 52.3 0.35 42±15 1.5 163±3 1191
HD 38529 c 1.48 +0.27 G4 IV 40.0 0.36 17.6±1.4 1.1 48±4 2136
HD 128311 c 0.83 +0.2 K0 V 16.5 0.154 3.8±0.7 0.5 56±14 922
HD 202206 B 1.07 +0.35 G6V 45.5 0.432 94±7 18.2 11±1 256
HD 202206 c | | | | 0.22 17.9±2 52.9 8±1 1260
$ Cep Ab 1.18 0 K1 III-IV 13.5 0.4 9.4±1 1.1 170±1 905

HST/FGS Exoplanetary Astrometric Results
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A Triumph - Architecture of the u And System
(Analysis by Barbara McArthur)

u And like ours?



What could have 
‘screwed up’ the u And 
system?

u And system not so much like ours

The migration of this 
hot Jupiter
…

… and/or this distant 
companion is not always 
so distant?
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HD 202206 System Nearly Coplanar
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M Dwarf MLR - GFB 150415

SCARCE Astrometry 
and 

Discovery (and follow-up RV) tied 
together through this constraint

Pourbaix & Jorissen, 2000, A&A 145, 161 



Astrometry can Assist the Exoplanet Game in 
Other Ways 

Low-mass Binaries and the Lower Main 
Sequence Mass-Luminosity Relation

172 Years of Not Finding a Planet 
with Astrometry
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M Dwarf MLR - GFB 150415

Left: GJ 831A (dots, POS orbit predicted positions) and component B (open circles, TRANS 
orbit predicted positions). All observations, POS and TRANS and A and B component radial 
velocities, were used to derive the final orbital elements. POS and TRANS astrometric
residuals are smaller than the symbols. The arrow indicates the direction of orbital motion. 
Right: RV measurements from the CE, phased to the orbital period determined from a 
combined solution including astrometry and RV. We obtain an absolute parallax πabs = 125.3±0.3 
mas, yieldingMA = 0.270 ± 0.004M⊙ andMB = 0.145 ± 0.002M⊙ . Mass error ~ 1.5%

DV = 2.10



M Dwarf MLR - GFB 150415

Again, Astrometry and RV tied together 
through

this constraint

Pourbaix & Jorissen, 2000, A&A 145, 161 
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Where do we get most DK?
Gemini AO.

Dieterich, S., Ph. D. Thesis 2012 GSU and 
Dieterich+ 2012 AJ, 144, 64

Also Henry & McCarthy 1993 (!)



The Glorious Future

172 Years of Not Finding a Planet 
with Astrometry



28 September 2006 Ron Allen STScI 36
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Theia

A New Hope?

ESA and Japan?



Earths and super-Earths with Mp ≥ 1.5 Mearth can 
be detected and characterized around 22 stars.

All Super-Earths with Mp > 2.2 Mearth
can be detected and characterized around 59 
stars.

+ Dark Matter!!



Independent Linear Interferometers
Lesson from Gaia (and HST/FGS): monitor, monitor,

monitor

Independent linear interferometers : monitoring for corrections on ground.  In red all the independent 
baselines forming laser hexapods. Retroreflectors are at M2 and M3. Microinterferometers at M1 and M4.

Funding an issue to be resolved ~December 2018
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APPROVED!



Fritz

a Cen

Ann, my wife



Summary
Astrometry has yet to independently 

discover an exoplanet
Astrometry has made useful 

contributions- exoplanet masses, system 
architecture, host star characterization

The future is seemingly bright, although 
true Earth analogs just out of reach (Like 
fusion power? Always a few years off in the 
future?)

172 Years of Not Finding a Planet 
with Astrometry
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