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ASTR OMETR Y WITH OPTIC AT WIYN

K. Vieira,? W. van Altena,! and T. Girard?

The astrometric precision of Orthogonal
Transfer CCDs (OTCCDs) is investigated by
using OPTIC camera at the WIYN 3.5-m
telescop e. The precision of the positions, de-
termined by the Yale image-cen tering code,
will be used to establish astrometric design
requiremen ts for the anticipated WIYN One
Degree Imager Camera that will use similar
technology .

1. OPTIC CAMERA

Orthogonal Transfer CCDs (OTCCDs) are able
to electronically compensatefor real-time image mo-
tion and provide tip/tit corrections without ad-
ditional optics or moving parts (Tonry, Burke, &
Sdchedter 1997). The Orthogonal Parallel Transfer
Imaging Camera (OPTIC) consistsof two 2K by 4K
OTCCDs arranged in a single dewar mounted ad-
jacert to ead other with a small gap between the
chips. Each OPTIC OTCCD is electronically di-
vided into two 2048  2048-pixelsregions, eat of
them further subdivided into two parts: a guide re-
gion and a scienceregion. The guide regionssit at
the top and bottom of eadh CCD and are 2048 516
pixels ead, while the scienceregionsare 1536 2048
pixels. Pixel size of the CCD is 15 micron. When
the camerais mounted onthe WIYN 3.5m telescope,
the image has a scaleof 0.14 °%pixel, yielding an ap-
proximate 10° 10 %otal eld of view. OPTIC has
areadnoise< 4e whenread at its normal rate of
160 kpix=secand a nominal gain of 1.45e =ADU.

2. OBSERVATIONS

To test the astrometric performance of OPTIC,
we have imagedthe open cluster NGC 188using both
Johnson-V and Gunn-i lters. A total of 65 dithered
5-minute exposuresin the V-band and 71 dithered
1 to 5-minute exposuresin the i-band were taken
during the nights of 2003October 20-26. The seeing
rangedfrom 0.6 %% FWHM < 3% For the purposes
of this investigation only nights with seeing< 2%
were considered.
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3. ASTROMETRIC REDUCTION

A complete astrometric reduction must model
the Optical Field-Angle Distortion intro ducedby the
optical system, as well as treat any systematic ef-
fects that alter the certroid of the images. The so-
called Magnitude Equation due to imperfect Charge
Transfer E ciency (CTE) in CCDs, and the Color
Equation related to di erential atmospheric refrac-
tion, can be listed as systematic sourcesof errors.

By using both preliminary cerroids found
through SExtractor (Bertin & Arnouts 1996) and
the astrometric catalogue of NGC 188 by Platais et
al. (2003), a rst astrometric reduction was made
to match the stars on the di erent framesand then
assigna unique identi cation number for ead star.
Afterw ards, a more careful analysisis madeusing the
Yale image-cettering code (2D Gaussian tting).

We selectedpairs of frameswith the same lIter
and similar hour angleto avoid e ects of di erential
refraction. Coordinate di erences of the (x,y) image
certers of the stars on the two frames are tted by
a least-squaregpolynomial. Sinceead quadrant has
its own guiding region, each quadrant was reduced
separately Magnitudes and colors were placed on
the system of von Hippel & Sargedini (1998) by us-
ing the instrumental magnitudes estimated by the
Yale image-cettering code and their standard stars.
The internal errors of our photometry are approxi-
mately 0.02 mag for V<19.5and 0.03 for i<18.5.

4. RESULTS

The results showvn in Figures 1 and 2 are based
on a linear reduction of the samepair of frames. No
higher order terms wererequired for most of the pairs
of frameswhich meansthat OPTIC hasa very stable
performancein terms of imaging.

Figure 1 shows the residualsin the x-coordinate
versusposition along the x-axis. There are no obvi-
ousnon-linearities in the OPTIC framesdown to the
level of 1 micron. Basedon probability plots made
from the residuals of a large number of reductions,
we estimate that OPTIC achievesa precision of the
order of milliarcseconds over the dynamical range
of the CCDs. For example, the residualsin Figure
1 for stars with S/N > 40, i.e. those considered of
good quality for astrometry, represen a Gaussian
distribution with standard deviation of 0.25microns,
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Fig. 1. Residuals in the x-coordinate vs. the x-
coordinate. Residualsin the y-coordinate show a similar
behavior. These data correspond to a reduction of two
same-night V-frames (seeing 0.6 %Y. Only stars within
the dynamic range of the CCDs were consideredin the
reduction.

which correspondsto 2.5 milliarcsecondsat OPTIC's
scale.

For most of the framesanalyzed, the precision of
a singlemeasuremen in a singleframe rangesfrom 2
to 4 milli-arcsecondsfor well-measuredimages. The
precisionin position is obviously a ected by the sta-
bilit y of the atmosphere. Consequetly, theseresults
demonstratethat the unique chargetransfer doneby
OPTIC, which tracks the motion of eat quadrant's
corresponding guide star, is able to stabilize the eld
within the atmosphericisokinetic region to the level
of a few milliarcseconds.

Figure 2 shows the residualsin y-coordinate ver-
sus instrumental magnitude. No dierential mag-
nitude equation is detected. It means that nei-
ther guiding nor charge transfer systematic errors
changed between the exposures. Signal-to-noise ef-
fectsstart to be noticed for stars fainter than instru-
mental mag 11. The dynamic range of the OPTIC
cameraextendsup to 5 magnitudes. No color terms
wererequired exceptwhenreducing two (same lter)
frames separated by 10deg or more in hour angle

Fig. 2. Residuals in the y-coordinate vs. instrumental
magnitude. No dieren tial magnitude equation is ob-
served. The point at which signal-to-noise becomesim-
portant is easily seenat around m 11. The dynamic
range of the OPTIC CCDs is 5 magnitudes.

(di eren tial atmospheric color refraction). We are
planning a more detailed analysis of these data to
properly model the atmospheric refraction and then
pre-correctthe OPTIC frames. Thesedata will also
be usedfor a further analysisof the membership and
proper motions in the open cluster NGC 188.
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