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Abstract. We present measurement results of the linearity of the WFC3 UVIS
detectors by sampling over the response curve from very low counts up to near
saturation. We use data from the Cycle 17 calibration proposal 11925. The in-
orbit program obtained exposures of NGC 1850 to verify the linearity response and
to characterize the linearity at very low counts between a few hundred and a few
thousand electrons. Our results indicate that the CCDs are linear to <1% between
a few thousand and !65,000 electrons.

1. Target and Observations

We observed the star cluster NGC 1850 in the Large Magellanic Cloud using the Wide Field
Camera 3 UVIS detector in October 2009. The observations were all carried out in F467M
filter. For the purpose of this study we observed the cluster in 2 sets with two exposures
10s which were cosmic ray cleaned and combined. And single images of 20s, 50s, 100s, 300s
and 500s. Each set of 7 images were observed twice, see Fig. 1. In the first set the cluster
is centered on UVIS1 (left) and in the second set cluster is centered on UVIS2 (right).

Figure 1: The two pointings used in our program are shown here. The image on the left
centers the cluster on UVIS and the image on the right is centered on UVIS2.
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2. Results: Linearity Near Saturation

To test the linearity of the detector we decided to use a combination of the longest and the
shortest exposures in out dataset. We have also carried out these tests with the shorter
exposures and find that the results do not vary.

Cosmic rays can skew the results for the shorter exposures and thus before we did our
tests we first cosmic ray cleaned all the images. To do this we made use of MULTIDRIZZLE
(Fruchter & Hook 2002), and one of the bi-products of the code is a CR cleaned image in
the FLT frame. We then generated a catalog of stars (using SExtractor) using the 500s
exposures as reference frames. These catalogs were used to carry out photometry (using
DAOPHOT) on all the images.

Figure 2: Brightest pixels in each star in the short exposure (10s) plotted against the long
exposure (500s).
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Figure 3: The upper panel plots the photometry in a 3 pix aperture in the short exp vs the
long exp. The bottom panel plots the ratio of long and short exposures vs. short. At low
levels (<2000e!) there is a clear deviation from the expected value of 50 (green line above).

In Fig. 2 we plot the brightest pixel of each star in the long exposure (500s) against
the short exposure (10s) for all the stars in the catalog. Further the stars are di!erentiated
based on their position on the detector i.e: UVIS1 or UVIS2. The black points shown in the
figure are the observations. The green line is the expected value i.e: Short Exp*50, which
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is what we expect if the detector were perfectly linear since the long exposure is a factor of
50 greater than the short exposure. To ensure that we are working within the linear regime
we enforced a physical cuto! wherein only stars with counts <55000e! were included in
our calculations. Note that this value is lesser than originally estimated saturation value
for the UVIS detector, please refer to the WFC3 ISR 2010-10.

3. Results: Linearity at Low Counts

The main goal of this program was to test the linearity of the detector in the low count
regime. During thermal vacuum testing we were able to test the medium to high count
regime satisfactorily and the results are summarized in the WFC3 ISR Deustua et al 2010
(in prep). Fig. 3 plots the aperture photometry carried out on the stars, the results in the
upper panel appear similar to the one seen in Fig. 2, but when we plot the di!erence of the
observed and the expected (lower panel in Fig. 3) we see that the detector deviates from
the linear (given by the green line) at levels below 2000 e! (NOTE: this is the sum in an
aperture of 3 pix).

3.1. CTE Losses

One possible solution to the deviation from linearity at low counts is charge transfer ef-
ficiency (CTE) problem, which all the previous HST detectors have su!ered from. CTE
basically means that electrons in stars are ine"ciently transported from the region they are
measured to the readout electronics. The e!ect is much more problematic for faint stars
then bright stars and while WFC3 was expected to su!er from CTE, we were not expecting
to see it so early.

Figure 4: CTE measurement for stars having sum greater than 2000e!.

The data however clearly shows how going to progressively fainter stars a!ects the
linearity of the detector.

We plot in Figures 4, 5, 6 the ratio of the exposures used in our test normalized to
one versus the Y-position of the star on the detector. What these plots indicate is that
the further you are from the detector readout (which occur at 0 and 4192 in the plots) the
worse the linearity appears to get. This is the classical signature of CTE damage. Stars
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Figure 5: CTE measurement for stars having sum between 500 and 2000e!.

with aperture sums greater than 2000e! appear not to be a!ected, while stars under 500e!

can lose up to 6% of their counts. Having seen that the detector appears to show on-orbit
CTE damage, the WFC3 team is undertaking a careful study during Cycle 18 to mitigate
this e!ect.

Figure 6: CTE measurement for stars having sum less than 500e!.

4. Summary

We have met the initial goal of this program which was to ensure that the detector is linear
up to saturation, which occurs at !65000e!. At count levels near saturation the detector is
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linear to better than 1%. In addition we have studied the low count regime using the faint
stars in the cluster and found first on-orbit evidence for CTE damage to the WFC3 UVIS
detector. There will be follow-up studies in Cycle 18 to measure the CTE and to continue
monitoring the linearity of the detectors using di!erent calibrators.
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