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Astrometry with HST

A Recent Result - Pleiades Parallax

Future Work
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Hubble Speace Telescope
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Space Astrometry with an
Interferometer
on Hubble Space Telescope

Fine Guidance Sensors
Fringe Tracking
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A Parallax for The Pleiades

* Originally a fringe tracking and scanning
project to obtain resolved orbits with
which to derive dynamical parallaxes for
three spectroscopic binary stars in The
Pleiades

 Alas, FGS 1r could not resolve them

- What to do?

PQ,&RGFBHST 24 September 2004 10



A Parallax for The Pleiades

* One field contains three stars whose
membership in The Pleiades is supported

by HIPPARCOS parallaxes and ground-
based proper motions

* Project redefined as fringe tracking,
relative astrometry only to obtain
parallaxes

* Why do The Pleiades again?!?!?

PQ,&RGFBHST 24 September 2004
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The Pleiades Field
HST Observations

- Six observational epochs 2000 - 2003, each near
maximum parallax factor

* 9 Reference stars
» 2-3 observations of each Pleiad at each epoch

- All observations taken with FGS 1r

PQ,&RGFBHST 24 September 2004
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The Astrometry Model
eled using GaussFit
(Ws, McArthur, & Fitzpatrick 1988, Cel Mech, 41, 39)

Model requires as input (with variances) these priors

Lateral Color Calibration - FGS contains refractive optics.
Position of a blue star is displaced relative to the position it would
have, if it were red. Range for targets and reference stars is
-0.1<B-V«<2

B-V Color Indices - required for lateral color correction.

Reference Frame Absolute Parallaxes - from spectral types
and photometry data. Required to obtain absolute parallax for the
science target.

Proper motions - from UCAC2 and Schilbach et al 1995
catalogs

Solution process is allowed to adjust these input parameters (by
amounts depending on the variances) to find the 'best’ solution.

PQ,&RGFBHST 24 September 2004
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A Parallax for The Pleiades

The Model

r=x+lex(B-V)

y' =y +ley(B V)
£ Al By N Pan

n=Dz'+ Ey + F — p,At — Psm,

P.Q, &R GFB HST 24 September 2004
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Our Field in The Pleiades

24 September 2004
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The Pleiades Reference Frame Absolute
Parallaxes

- Spectral types and luminosity classes
from classification-dispersion spectra

M, and unreddened colors vs spectral
type from AQ2000

+ A, from comparison of Sp.T. and colors

- Absolute Parallaxes

e = 1/10 (m-M+5-Av)/2.5

PQ,&RGFBHST 24 September 2004 20



Pleiades Reference Frame
Color-color diagrams
Mapping to Sp. T. from Bessell & Brett 1988 (PAsP, 1qo,

1134
2MASS to SAAO from Car'pen‘rer' 2001 ( AT, 121, 2851)
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* Reduced Proper Motions (RPM)

*RPM diagrams simulate color-magnitude
diagrams

*In general more distant stars have lower
proper motions (u) - u used as a proxy for
parallax

PQ,&RGFBHST 24 September 2004
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* Reduced Proper Motions (RPM)
*Define
H, = K+ Blog(u) = My + Blog(V,/4.74)

-If all stars had the same transverse
velocity (V,), RPM diagram would be idenftical
to CMD (with vertical offset)

PQ,&RGFBHST 24 September 2004
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Bbb4?2 stars
within 1° of
Pleiades
center

Why 9
is ITT,
and 6

and 10
are IV
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Input Reference Frame Parallaxes

Table 4.  Astrometric Reference Star Spectral Classifications and Spectrophotometric Parallaxes

D Sp. T. vV My Ay m-M Taps|MAas)
These
ref-4 G5V 15.68 5.1 .14 10.62£0.7 0. 84203
ref6 K1V 145 34 023 1122 0.060.6 ar.e
ref-8  G3V 1448 4.8 .14  9.7+0.7 1.240.4 r'ior's
ref9 K21 13.61 05 0.23 13.14+0.7 0. 3401 p )
ref-10  K1IV 1585 34 0.23 12.5L2 0. 4+0.3
ref-11  G8V 14.63 5.6 0.14 91407 1.7+0.5
ref-12 KOV 14.24 59 0.14 8.3L£0.7 2.340.7
ref-13 G3V 12.14 4.8 .14 7.3+£0.7  3.66+1.2
ref-14 G5V 1548 5.1 0.14 10.4+0.7 0. 9403
<w, > = 1.3 mas

Compare with Yale Parallax Catalog (1995)
Galaxy model which predicts <x > = 1.0 mas
o, TOr<V>=145and b = -23°



One Last Model 'Soft' Constraint

An estimated depth of the Pleiades cluster

PQ,&RGFBHST 24 September 2004
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Depth Constraint
solve for a line of sight dispersion in the
parallaxes of the three Pleiades members with the
‘observation’ derived from the 1-o angular extent
of the Pleiades (1°, from Adams et al. 2001) and an
assumption of spherical symmeftry.
From this we infer
1-o0 dispersion in distance in this group is
1°/radian =1.7%.
1-o dispersion in the parallax difference between
Pleiades members is
At = 1.7% x 2 x7.7 mas = 0.20 mas (--> 6pc)
where we have here temporarily adopted a parallax of the
Pleiades, <m> = 7.7 mas.

PQ,&RGFBHST 24 September 2004



The parallax dispersion among targets 3030, 3179, and
3063 becomes an observation with associated error fed to
our model, an observation used to estimate the parallax
dispersion among the three stars, while solving for

their parallaxes.

Loosening the cluster 1-c dispersion to 2° (Ax = 0.38 mas)
and/or using the HIPPARCOS Pleiades parallax had no
effect on the final average parallax.

No parallax measurements of these stars were used as
direct priors.

PQ,&RGFBHST 24 September 2004 28



*High quality
astrometry?

‘Not too
shabby.

P.Q, &R GFB HST
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Tahle 7. Pleiades and Reference Star Parallaxes and Transverse Velocities

D 18 s Ve
mas j,-'r_l M Aas km st
3179 50.36x0.40 T.4510.16 32
3063 45.30%0.53 7.4310.16 29
3030 43.200.48 7413018 28

s = /.43 £+ 0.17 mas
D=1346+3.1pc

Can't reduce error by stating the standard
deviation of the mean because of the cluster

depth constraint .



The Distance Modulus of The Pleiades
Weighted average parallax from HST, Pan, Mun, AO
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Absolute Parallax
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The Pleiades [

I F

> = 7.49 + 0.07 mas
- D=1335+12pc

Munari et al. 2004

- A&A, 418L, 31
SB2, eclipsing

Pan et al. 2004

HST HIP AO Pan Mun MS
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Distance Modulus (i) now (m-M), = 5.65 + 0.03. Stellar
interiors models are once again consistent with observation,
and ZAMS from field stars agrees with the Pleiades

D. Stello and P. E. Nissen: The problem of the Pleiades distance |S @S0 Ived
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Are our parallaxes any good?

Comparing Parallaxes

HST HIPPARCOS
Prox Cen 769.7 + 0.3 mas 772.3 + 2.4 mas
Barnard's Star 5455 0.3 549.3 16
Feige 24 14.6 0.4 134 3.6
Gl 748 AB 980 04 98.6 2.7
RR Lyr 360 020 438 0.6
d Cep 3.66 0.15 3.32 0.56
HD 213307 365 0.15 3.43 0.64
Gl 876 2146 0.2 2127 21
Pleiades 7.43 0.17 8.45 0.25

P.Q, &R GFB H.

|

Precision looks good
<0.> = 0.26 mas
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Accuracy | 3
looks good, 8 3 :
+ g 07 : S - =
00. B =
i B 4 = adl
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Pleiades, g e ; 5
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X red ~ O 265 E m“_; Y y=a+bx =
. 4] o a=023+£0.19mas [
With Pleiades 2 b =0.995 +0.002
X red = 0.951 Sl R W 477 K WD B B e
1 10 100 1000
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Object Parallax (mas)
Ex Hya 15.50 + 0.29
RU Peg 3.55 + 0.26
V1223 Sgr 196 +0.18
WZ Sge 22.97 +0.15
YZ Cnc 3.34 £+ 0.45

NGC 6853 (PN) 2.10 + 0.48

PQ,&RGFBHST 24 September 2004

35



Parallaxes

- HD 98800 pre-main sequence binary-binary with
Soderblom

- Parallaxes and proper motions of the five brightest of
the seven known AM CVn stars with Groot and Marsh

- Parallaxes for 10 galactic Cepheids to nail P-L calibration
with Barnes, Freedman, and Feast

M dwarf masses in the 20-20-20 club with Henry and Franz

Extrasolar Planets

- Astrometric determination of the masses of extrasolar
planet candidates orbiting the stars ¢ Eri, v And, and p
Cnc with Hatzes, Cochran, Gatewood, Marcy, Butler,
Mayor, and McGrath

PQ,&RGFBHST 24 September 2004 36



* HST can provide sub-millisecond of arc
astrometry, but only for the most compelling
targets, and Bayes helps us to utilize all
germane prior knowledge

A window of opportunity continues for parallax
and extrasolar planet candidate astrometry
until SIM flies, or until HST dies, or until the
HST TAC loses its nerve and no longer
schedules multi-year projects

* The HST TAC lost its nerve and no longer
schedules multi-year projects.

* We gotta find something else to do for awhile

PQ,&RGFBHST 24 September 2004 37



We'd have done none of this wi’rhou’rw

N\
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