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Abstract. Flat fielding is a standard calibration step for astronomical data, which
allows us to correct for variations in the local response of a detector and improve the
accuracy of photometric analysis. As for other Hubble Space Telescope (HST) instru-
ments, ground based flat-fields are, and will be, the base to remove the pixel-to-pixel
variations in the Wide Field Camera 3 (WFC3) data. Tests performed during the
Servicing Mission Observatory Verification (SMOV4), that followed the installation
of WFC3 on Hubble, indicate that ground based flat-fields do not completely remove
local variation in the response of the detector, but that low-frequency structures are
still present in both the UVIS and IR data. As part of the WFC3 standard calibra-
tion process we have used observations of the rich globular cluster Omega Centauri
to compare the flux of the same stars at di!erent positions on the WFC3 detectors
and derive a correction to remove the remaining low-frequency structures. Here we
will present the characteristics of the ground-based high frequency flat (better known
as P-flat) and the low-frequency (or L-flat) flat fields, how these files are created and
their impact on the processed astronomical data.

1. Introduction

WFC3 was installed on HST in May 2009, during the last Servicing Mission (SM4) to
replace the Wide Field and Planetary Camera 2 (WFPC2). One of the most important
features of WFC3 is it broad wavelength coverage from the near ultraviolet (! 200 nm) to
the near infrared (! 1700 nm).

WFC3 consists of two independent channels, the optical/ultraviolet (UVIS) channel,
with two 2051 " 4096 pixel CCDs with a spatial resolution of 0.04!!pixel"1 and operating
from 200 to 1000 nm, and the near infrared (IR) channel with a HgCdTe, 1024" 1024 pixel
array operating between 800 and 1700 nm, with a spatial resolution of 0.13!!pixel"1.

Flat-fielding is one of the standard calibration steps of astronomical images. It is de-
signed to normalized the system illumination path and remove pixel-to-pixel non-uniformities,
so that count rates are independent of the position on the detector. In this proceeding we
will discuss the characteristics of the WFC3 flat-fields for the UVIS and the IR channels,
their accuracy and how they could be improved.

2. WFC3 flat-fields

As for several other HST instruments, WFC3 flat-fields were acquired from the ground under
thermal vacuum conditions. In the case of WFC3 both the UVIS and the IR channels flat-
fields where acquired at the Goddard Space Flight Center during the last WFC3 thermal
vacuum campaign (TV3) at the beginning of 2008. The optical stimulus CASTLE (Figure 1)
was used as a source of external illumination to reproduce the Optical Telescope Assembly
(OTA).
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Figure 1: WFC3 during the TV3 campaign. In this picture WFC3, already in its protective
black case, is to the left, and is plugged to the CASTLE, recognizable as the shining silver
tower to the right.

During TV3, high signal-to-noise full frame flat-fields were acquired for each of the 77
filters (62 in the UVIS channel and 15 in the IR) of WFC3 by operating the camera at the
same temperatures currently used in space (namely !83oC for the UVIS and 145 K for the
IR channel respectively, Sabbi et al. 2008; Bushouse 2008).

Figure 2 shows four examples of UVIS flat-fields from the four representative filters. It
is evident that UVIS flat-fields are characterized by structures that are strongly wavelength
dependent:

• At the shortest wavelengths the most striking feature is the cross-hatch structure most
evident in chip 1. However these variations are less then 5% peak to peak.

• Moving toward the visible regime, the flat-fields are more uniform, allowing us to note
two features that are common to all the UVIS filters: the dark spot to the bottom
right side of chip 2 (highlighted by the red circle in Figure 2) corresponds to a region
of lower coating thickness (Wong 2010), and the diamond like area that cross the
UVIS field of view from the upper left corner of chip 1 to the center of right quadrant
(quadrant D) in chip 2.

• The reddest UVIS flat-fields are characterized by strong fringing. Because of the
particular patterns shown by the fringing crests in the dark spot, this region has been
renamed “happy bunny” (for more details about the fringing refer to Wong 2010, and
Wong’s contribution to this conference).
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Figure 2: Examples of ground-based UVIS flat-fields in the filters F225W (top-left), F606W
(top-right), F814W (bottom-left) and F953N (bottom-right). The red circles indicate the
‘happy bunny” region, other features are also highlighted in red.

Compared to the UVIS channel, flat-fields for the IR channel are more uniform (Fig-
ure 3), with the most noticeable features being the dark circular spot at the bottom of
the lower left quadrant (known as the “death star”) and the dark arc that starts from the
lower right corner of the detector, and has been called the “wagon wheel”. Both regions
are characterized by very low sensitivity, and pixel variable response with time. These two
features are poorly flat-fielded and therefore flagged in the bad pixel table. Appropriate
dithering patterns minimize the impact of these structures on the photometry.

3. Flat-field components

Experience with previous HST instruments, such as ACS and STIS, show us that:

1. Detector response can spatially change with time;

2. Ground-based flat-fields can di!er from the on-orbit data because of inaccuracies of
the optical stimulus in reproducing the HST OTA.

As a consequence residual structures can still be present in the data after the flat-
fielding. To reduce these inaccuracies, corrections to the ground-based flats can be applied.
Figure 4 shows the portion of the header of a typical WFC3/UVIS image where the cali-
bration files used by CALWF3 to process the raw images into calibrated flt images are
identified. Three di!erent flat-field files are listed in the header:

1. The pixel-to-pixel flat-field (PFLTFILE) corrects for the variation in pixel response,
and is the flat-field acquired on the ground during TV3;

2. The delta-field (DFLFILE) is a correction that can be applied if the response of the
detector(s) changes with time;

3. The low-order flat (LFLTFILE) is the correction that removes residual variations
due to the di!erence between the telescope and the optical stimulus optics (i.e. low
frequency structure).
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Figure 3: Examples of ground-based IR flat-fields in the filters F110W (top-panel), and
F160W (bottom panel).
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Figure 4: Portion of a WFC3/UVIS image header that shows the calibration files used by
CALWF3 to remove the artifacts that a!ects UVIS raw images. WFC/IR image headers
have a similar structure.

For consistency with the header of WFC3 images, from now on we will refer to the
three di!erent kinds of flat-fields as Pflat, "flat and Lflat respectively. At the moment,
WFC3 images retrieved from the Hubble archive are corrected only for the pixel-to-pixel
variations. In the coming sections we will discuss the accuracy of the Pflats, and how they
can be improved.

3.1. Pflat accuracy

In order to investigate the accuracy of the TV3 Pflats, during SMOV4 we observed two star
clusters (! Centauri and 47 Tucanae) with both the UVIS and the IR channels in several
broad-band filters. For each filter we used a 9-point dither pattern, with a dither step of
! 1/4 of the field of view.

By comparing the magnitude of stars observed through the same filter, with the same
exposure time, but on di!erent positions over the detector, we identified residual structures
of the order of 4–10% in the UVIS data (depending on the wavelength, Sabbi 2009) and of
! 2 % in the IR channel (Hilbert et al. 2009). Figure 5 shows the comparison between the
average magnitude of stars detected in all the images and the magnitude of the same stars
on one image for the F606W UVIS filters as function of the position.

As we said before, variations in the detector response with time can introduce new
structures in the flat-fields. Both the WFC3 channels are equipped with internal lamps
that allow us to illuminate the WFC3 detectors through all the available filters. These
“internal flats” cannot be directly used to flat-field the WFC3 data, however they are
periodically acquired when the telescope is in occultation (and therefore no scientific data
can be acquired) to monitor the stability of the detector responses, and eventually provide
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Figure 5: Di!erence between the average magnitude of the stars detected in the various
WFC/UVIS F606W images of ! Centauri and the magnitude of the same stars in the
central pointing as a function of their position on the central pointing.
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Figure 6: Examples of UVIS channel Lflat corrections for the filters F275W, F336W,
F438W, F606W, and F814W, derived from the observations of the globular cluster ! Cen-
tauri. Corrections are in magnitudes. Minimum and maximum values are given.

the necessary !flat corrections. No significant variations have been identified so far (Rajan
& Baggett, 2010; Hilbert, 2009).

3.2. Lflats

In order to remove the residual low order structures from the WFC3 flat-fields, during cycle
17 we observed the globular cluster ! Centauri using 10 broad-band UVIS filters (namely
F225W, F275W, F336W, F390W, F438W, F555W, F606W, F775W, F814W, and F850LP)
and 5 broad- or medium-band IR filters (the F098M, F110W, F125W, F139M, and F160W
respectively).

For each filter we acquired 9 observations following a 3 ! 3 pattern with a dither step
corresponding to a quarter of the channel field of view. As already done for ACS (Van
der Marel 2003) in each filter we compared the flux of stars on di"erent positions of the
detector and fitted the di"erence with a Legendre polynomial to determine the low-order
correction. Figures 6 and 7 show examples of field corrections for both the UVIS and the
IR channels.The Lflat corrections for the remaining filters were obtained through a linear
interpolation of these filters. Figure 8 shows the comparison between the average magnitude
of stars detected in all the images and the magnitude of the same stars on one image, after
the Lflat correction was applied, both for the UVIS/F606W and the IR/F160W filters. "
releases of both the UVIS and IR full frame Pflats corrected for the low-frequency structures
(LPflats) can be downloaded from the WFC3 web-page at the urls:

http://www.stsci.edu/hst/wfc3/analysis/uvis flats and
http://www.stsci.edu/hst/wfc3/analysis/ir flats
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Figure 7: Examples of IR channel Lflat corrections for the filters F110W, and F160W,
derived from the observations of the globular cluster ! Centauri. Corrections are in mag-
nitudes. Minimum and maximum values are given.

4. Summary and Conclusions

Flat fields for both the WFC3 channels were acquired from the ground during the last
thermal vacuum campaign (TV3) at the beginning of 2008. Comparisons between ground-
based internal flats and internal flats acquired from the sky indicate that the WFC3 detector
responses have been stable over the first year of operations.

Observations of globular clusters with large dither steps show that even after the flat
field is applied the flux of a source still depends on its position on the detector. These
residual structures can be corrected to better than 1% by applying Lflat derived from the
same observations. " releases of Lflats for both the WFC3 channels can be downloaded
from the two following urls:

http://www.stsci.edu/hst/wfc3/analysis/uvis flats and
http://www.stsci.edu/hst/wfc3/analysis/ir flats
After one year of operations, several IR channel deep exposures characterized by a

low level of star crowding to accumulate in the HST archive. The WFC3 team is stacking
together these images to make external flat-fields from the sky (see Pirzkal contribution for
more details). Observations of the Earth and of the Moon will also be acquired between
the summer and fall of 2010 to make other external flats for both the channels.
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Figure 8: Di!erence between the average magnitude of the stars detected in the nine images
of ! Centauri and the magnitude of the same stars in the central pointing as a function
of their position on the central pointing for the F606W filter after the Lflat correction was
applied.
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Figure 9: Same as Figure 8, but for the filter F160W of the IR channel.
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