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Abstract. The near infrared background, as seen using the WFC3 IR channel,
varies by several orders of magnitude. Ever since WFC3 was installed on HST, we
have been monitoring and examining incoming observations of sparse fields. This
monitoring has enabled us to identify the WFC3 IR ”Blobs” (Pirzkal et al., ISR
2010-06). It has also allowed us, for a few broad band filters, to assemble IR delta
sky flats. We have also been able to measure the observed IR background levels in
many of the WFC3 IR filters. Here, we show how we have used WFC3 observations
to construct the delta sky flats as well as how we detected and created maps of IR
”Blobs”. We finally show how the measurements of the IR background vary and how
they correlate with HST pointing and Zodiacal light levels.

1. Introduction

WFC3 was installed on board of HST during SM4 in May 2009. Following its installation,
some of the images obtained using its IR channel have been a!ected by a small number
of blemishes that appear to have 10–15% lower count rates than the surrounding areas.
These ‘Blobs’ were not seen or detected during ground testing and have been progressively
appearing in IR images obtained after July 2009. They are most visible in images containing
a large uniform object, or alternatively images with high background levels. Over the last
few months, we have systematically examined all available WFC3 IR data to detect and
monitor the Blobs. We have been able to determine their likely cause, and their physical
properties, such as positions, sizes, and depths. We have also been able to determine the
rate at which new Blobs appear, and the stability of a Blob once it has appeared. Blobs
and their properties are discussed in Section 3.. The method we used to monitor WFC3
for IR Blobs consists of combining as many masked WFC3 images as possible. Thus, in
the course of this project, we were able to also assemble high signal to noise sky flats in
several medium and broad bands WFC3 filters. We discuss the properties of these sky flats
in Section 4. Since we had to estimate the median IR sky background of individual WFC3
IR images before combining them to generate sky flats and look for IR blobs, we are in
a position to report on the direct measurements of the IR sky background as seen using
WFC3. The WFC3 IR background levels are discussed in Section 5.

2. Assembling the data

All of the data discussed here were calibrated by the STScI archive pipeline. They were thus
calibrated using the current best calibration products such as flat fields and darks. We first
identified a series of WFC3 Proposals observing fields that were neither too crowded nor
contained large extended objects and with integration times larger than 300 seconds. The
latter requirement was imposed to insure that the IR background would generate at least a
few hundreds counts in these images. We first ran Sextractor to locate sources aggressively
in each image. The Sextractor object segmentation map was used to create an object mask
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which was then grown (to further mask out the faint edges of sources). We additionally
masked pixels likely to be a!ected by IR persistence by examining all WFC3 IR images
taken in the preceding 24hr period and by masking out any pixel that were filled with more
than 30,000 e-. A typical science image and its mask are shown in Figure 1.

3. IR Blobs

The first instance of a Blob was detected in data taken in July 2009, shortly after launch
and the installation of WFC3 on HST. A round, darker area was readily visible in the
pipeline processed FLT files of a few GO datasets. These were not detected in any of the
associated and contemporary bias, dark or flat-field calibration files. Further examination
of all available WFC3 IR data showed that this artifact likely appeared between July 19,
2009 and August 6, 2009. Another Blob was then observed to have appeared some time
between August 6, 2009 and August 8, 2009. In both instances, once a Blob appeared,
it remained detectable in all subsequent observations as long as these were deep enough
to contain a significant number of IR background photons. In practical terms, this means
that Blobs are visible in long exposures, with more than 300 seconds, broad band filter
images. In no cases, and this remains true to this day, has a Blob appeared and then
either disappeared, changed its appearance or physically moved in a significant way. As we
discuss below, the sizes and position of Blobs have not being changing. The one notable
exception, data where the Blobs appeared to have shifted, allowed us to infer that Blobs
were not physically located on the WFC3 IR detector itself but were instead caused by the
Channel Select Mechanism (CSM). The CSM mirror diverts incoming light into the WFC3
IR channel. The CSM moves the mirror out of the way when the UVIS side of WFC3 is
used. As long as the CSM settles in the exact same commanded location, the Blobs appear
at the same physical location on the detector. When the CSM is positioned di!erently, the
Blobs are seen to shift in the bottom-left to top-right direction. In most cases, the CSM
is always commanded to be at the same position and the Blobs hence appear always at
the same location in the final images. Figure 2 shows a few Blobs, easily visible in a deep
science observations, marked using red circles.

As discussed more thoroughly in the WFC3 ISR 2010-06, Blobs are best detected on
images with count rates of at least a few 100’s of e-/pixel. There are very few fields that
have been observed by WFC3 that are sparse enough to provide a uniform illumination of
the detector. We instead detected and monitored Blobs by combining many deep WFC3 IR
observations. While some of the brighter Blobs are visible in deep single images, as shown
in Figure 2, many more are visible in the monthly combined images that we produced, as
we demonstrate in Figure 3 where we show F160W sky flat that we generated for the month
of February 2010. Such images have allowed us to both detect and monitor IR Blobs on a
monthly basis.

The physical properties of these Blobs are described in details in ISR 2010-06. To
summarize, we identified 19 bright Blobs in the WFC3 field of view and this number appears
to have now stabilized and is no longer increasing, even though the number of Blobs was
initially seen to increase quickly immediately after launch. The central region of the larger
Blobs absorb as much as 15–20% of the incoming light. Their median radius is on the order
of ! 5 pixel and shows a small color variation between the F125W and F160W filters.

A full map of these Blobs is currently incorporated in the Data Quality (DQ) array of
all FLT files obtained from the STScI MAST archive. A bit value of 512 is used to mark
the location of these Blobs. The current DQ mask is shown in Figure 3. Currently, only
! 0.4% of WFC3 pixels are a!ected, less than a quarter of all pixels marked in the DQ
map (1.2%). The e!ect of the blobs can be mitigated by taken judiciously dithered images.
Proper dithering strategies for WFC3 are discussed in details in ISR 2010-09.
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4. Delta sky flats

The Blob monitoring e!ort has required us to combine many WFC3 images in order to
generate deep images of the background, against which the e!ect of the Blobs could be
detected, measured and monitored, and this using di!erent WFC3 broad band filters.

Now that WFC3 has been in full operation for several months, we are in a position to
combine a significant number of WFC3 science observations (e.g. Figure 1) and produce
deep, high signal to noise delta sky flats. The delta sky flats that we discuss here are our
estimate of the additional flat fielding correction that is required to make a uniform sky
background appear flat in pipeline calibratd data. These were generated using data obtained
from the MAST archive and were hence already flat-fielded using the current pipeline flat-
fields (Obtained during ground testing of WFC3 and prior to launch). As shown in Figure
4, we currently see as much as 3% residuals in the flat fielding of WFC3 IR data that
are currently being flat fielded using the current, ground based, pipeline flats. Delta sky
flats are now being assembled for several filters (F098M, F105W, F125W, and F160W).
Preliminary analysis of delta sky flats obtained suing di!erent broad band filters show that
the same pattern exists in all delta sky flats. We also measure very little variation from one
filter to the next, as shown in Figure 4 where we show the fractional di!erence between the
F125W and F160W data. As shown there, the delta sky flats agree to within 0.5%. We
expect delta sky flats to be made available to the community in the Fall of 2010, together
with an ISR describing in details how they were created and their relative merits.

5. The IR background

As described above, the creation of IR delta sky flats, initially undertaken to look for IR
Blobs, has required us to measure the background level of individual IR image. This was
necessitated by the fact that the IR background, as seen using WFC3, varies greatly as a
function of position in the ecliptic plane and also as a function of how far the bright Earth
limb is with respect to the line of sight. During this exercise, we thus ended up measuring,
individually, the IR sky levels over a long period of time and a wide range of HST pointings,
and using several filters.

As shown in Figure 5, the first result of this is that we were able to verify, using
a large number of observations, that the background estimates from the ETC are close
to reality. While we in fact see a large variation of the background levels (by a factor
of 2–3), as illustrated in Figure 6, the range of observed values match well the range of
background levels returned by the ETC for low, average, and high zodiacal light levels. In
principle, as more data are obtained using the WFC3 IR channel, we will be able to map out
the IR background level in several filters over a wide range of Helio ecliptic latitudes and
longitudes. Figure 7 shows a preliminary plot showing the measured background levels at
ecliptic latitudes of 20, 40, 50, and 80 degrees and as a function of helio ecliptic longitude.
Note how a slightly lower background is measured in the anti Sun direction (180 degree) at
increasing ecliptic latitudes, and how, for a given latitude, the background is observed to
vary by a factor of ! 2 (we have attempted to exclude any observations taken too close to
the Bright Earth Limb, which would cause the background to be another factor of several
higher). This work is ongoing as more WFC3 data are been accumulated.

6. Conclusion

The appearance of IR Blobs in WFC3 IR images has prompted us to continuously monitor
incoming WFC3 IR data. This process has required us to regularly measure the background
sky level in WFC3 IR observations and to assemble deep IR sky flats using several broad
and medium band filters. We showed here how the IR Blobs location is now known and
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Figure 1: A typical WFC3 IR science image and the associated mask that was used to mask
out sources in the field. Multiple masked science images such as the one shown on the right
panel were combined together to create deep delta sky flats.

how their number has stabilized. The IR Blobs a!ect a relatively small number of pixels
in the field of view and can be currently dealt with with proper dithering strategies. The
sky flats we assembled demonstrated that the current pipeline flat-fielding, performed using
flat-fields obtained during ground testing of WFC3 and prior to launch, leaves flat-fielding
residuals that are on the order of ±3%. Deeper, higher signal to noise sky flat-fields continue
to be assembled as more WFC3 data is accumulated. Finally, we have shown here how the
IR background level is seen to vary significantly and is highly correlated with the pointing
of HST in the Ecliptic plane. Current data however confirm that the ETC estimates are
in reasonable agreement with observations. In the future, we expect to be able to provide
better estimates of the IR background as a continuous function of Helio ecliptic longitude
and latitude, as we continue to measure the background in more IR observations.
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Figure 2: A deep WFC3 IR science exposure with Blobs marked using red circles.
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Figure 3: Left: A WFC3 F160W IR delta sky flat created using observations from February
2010. While some of the brighter Blobs are visible in deep single images, as shown in Figure
2, many more are visible in monthly delta sky flats generated by combining between 50 and
100 individual exposures. Right: The current Data Quality map, showing the location of
the Blobs in the WFC3 field of view. While appearing large visually, IR blobs a!ect less
than ! 0.4% of all of the WFC3 pixels and only slightly increase the number of otherwise
flagged as bad pixels.
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Figure 4: Top Row: delta sky flats generated using several hundred WFC3 images. F125W
is shown on the left and F160W on the right. In both of these delta sky flats, a ±3%
variation can be seen. We see very little di!erence between the F125W and the F160W
delta flats, as shown on the bottom left panel. There, we show the fractional di!erence
between the two delta sky flats shown above. The F125W and F160W appear to be within
0.5% of one another over most of the field.
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Figure 5: IR background levels as measured using WFC3, as a function of filter used. The
vertical blue bars show the full range of IR background measured in each filter. The blue
dot shown the median background value in each filter. The red, green, and yellow dots
show the predicted values using the current Exposure Time Calculator (ETC), in cases of
low, average, and high zodiacal light levels, respectively.
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Figure 6: Two typical WFC3 F160W observations, shown using the same color stretch.
The image on the left, has a high, uniform background of 0.7 electrons/pixel. The image
on the right has a much lower background level of 0.37 electrons/pixels. The di!erence in
background level is caused by scattered Zodiacal light. The image on the left was taken
while pointing at a field with a Helio ecliptic longitude that was less than 50 degrees. The
image on the right was taken at a Helio ecliptic longitude of 255 degrees, and hence away
from both the Sun and any back scattered light originating in the anti-Sun direction.
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Figure 7: The IR background levels, as measured from F160W observations, as a function
of helio galactic longitude. This is our first, preliminary map, of the IR zodical light in
this filter, shown at di!erent ecliptic latitudes (blue: 20 degrees, green: 40 degrees, red: 60
degrees, light blue: 80 degrees).


