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1. Introduction

Knowing the location of the science instrument apertures within the HST focal plane to
within Guidestar Catalog 2 errors (!0.25 arcsec) is valuable for two primary reasons. 1.)
It improves pointing and makes target acquisitions more expeditious for a small aperture
instrument like COS, and 2.) It improves the astrometry metadata which aids in archival
and multi-mission object matching.

Figure 1: HST field of view showing the instrument apertures superimposed over the M35
open cluster in the December orientation.
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Calibration Proposal 11878 contains several visits observing the open cluster M35.
Within each visit exposures are made using several of the HST instruments with only
small changes in pointing so that the same pair of guide stars may be used throughout.
An astrometric catalog of M35 (McNamara & Sekiguchi 1986) as re-reduced by Welter &
Kimmer (1994) based on HST FGS observations, is used for these calibrations. It contains
positions and proper motions for the cluster members measured well enough so that a final
positional accuracy of 30 mas is achieved for an individual star. By taking guide stars and
targets from this catalog, the positions of apertures relative to the FGSs are determined to
within 50 mas and possibly better for the larger apertures when several stars may be used.
In these cases an approximate measure of the aperture orientation can also be derived. The
figure above illustrates the pointing in one visit for the WFC3 exposure. The STIS and
ACS exposures are performed with exactly the same pointing. A small shift is needed to
place the 2.5 arc-second diameter COS aperture on a suitable star. (The COS aperture is
too small to show on the figure. HRC and NICMOS apertures are shown but neither were
operable during Cycle 17. ) The position of the two guide stars are indicated and connected
by the red line.

2. Measurements

Measurements were made in December 2009, March 2010 (COS only) and April 2010.
Information was also collected from each instrument’s alignment measurements following
the May 2009 Servicing Mission. These alignment measurements utilized more stars and
telescope positions to accurately measure scales and rotations. The analysis method consists
of first obtaining accurate celestial coordinates of the measured stars from the catalog.
Next we calculate the corresponding positions in the (V2,V3) coordinate system describing
the HST focal plane. This requires knowledge of the telescope pointing which is in turn
derived from the guide star positions taken from the same catalog and a detailed model
of the FGS positions and distortions. This calculation is carried out by the HST Sensors
Calibration (SAC) group at GSFC. For the same set of stars we measure the centroids in
each instrument’s (x,y) pixel coordinate system. Each instrument has its own distortion
solution which converts from (x,y) to (V2,V3) measured in arc-seconds. We apply this to
the measured centroids to find another set of (V2,V3) coordinates which we compare with
those derived from the sky positions and the HST pointing solution. Normally the two
sets agree to within less than one arc-second. We rely on the distortion solutions for the
overall shape and scale factors and find a linear transformation involving only shifts and
rotations to match the two sets of (V2,V3) positions. From this we establish new reference
positions and sometimes orientations. Normally the derived orientation change is smaller
than the estimated error on the measurement and no change is made. The derived shifts
imply new values for the constant terms of the distortion solutions. These are applied to the
instrument distortion calibration (IDC) tables which are used for detailed image analysis.
If the shifts are not significantly less than the GSC2 accuracy of 0.25 arc-seconds then they
are also applied to the Science Instrument Aperture Files (SIAF) which support telescope
pointing proposal preparation. Measurements of the COS instrument are the most critical
because of its small aperture size and expected drift as new instrument’s optical benches
tend to outgas. The method for measuring the COS position is simpler, using just the
target acquisition observation. In the first phase the telescope points the V2V3 position
given by the current SIAF to the RA and Dec of the star. This typically placed the aperture
center a short distance from the star. Subsequently the acquisition software moves the star
to the exact aperture center. Again using the GSFC calculations we determine the true
V2V3 position matching this pointing. If this is significantly di!erent, more than about 0.1
arc-seconds from the stored values, they will be updated.
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3. Outcome

Over the past year we have seen changes of up to 0.5 arc-seconds as illustrated. The largest
step of about 2 arc-seconds is between the initial pre-flight modeled position and the first
in-flight measurement. Updates to the SIAF were made following the July and Decem-
ber 2009 and the March 2010 measurements, but not after the April 2010 measurements.
Deceleration of the aperture-position trend is clear from the diagram and consistent with
previous experience with newly flown Science Instruments.

Figure 2: Calculated and measured positions of WFC3 and COS reference positions over a
period of almost one year. The measured positions, which include initial alignment values
from July 2009, do not vary by more than 0.4 arc-seconds.

Like COS, the WFC3 camera was installed in May 2009 and so received extra attention
to measure its placement. The first measured position was about 3 arc-seconds away from
the pre-flight modeled position and required a rotation correction of 0.075 degrees. For
the large UVIS aperture such deviations normally presented no risk of missing a target,
but would a!ect the astrometry of the science products. The positions of the IR channel
moved in a similar manner and are not shown here. SIAF updates were made following
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the July and December measurements. The IDC tables were updated on these occasions
and also in April 2010. The newly resurrected instruments, ACS and STIS, experienced
the physical disturbances of SM4 crew interactions, which included (among other things)
the cutting of grates and snapping of handrails. Despite this, both instrument’s post-SM4
position determinations were found within 0.2 arc-seconds of their SIAF ground system
values, which were last updated in 2002 (ACS) and 1996 (STIS). No SIAF changes are
deemed necessary at this time.
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