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Abstrat

We analyze 10 cycles of WFC3/IR internal flat field images taken with the tungsten lamp,
which includes two additional years of data since ISR WFC3 2015-11. We follow past anal-
yses to mask short- and long-term persistence, determine robust image statistics, and create
stacked subsets of the data. We show that the mode count-rate of each filter is decreasing
with time and is strongly correlated with wavelength, such that the data from the red filters
(e.g. F153M and F160W) show very little variation (∼ 0.05% yr−1), while the blue filters
(e.g. F098M) decrease by typically ∼0.35% yr−1. We present “master” and “cycle” stacks,
where we combine the normalized exposures for all and a given cycle, respectively. From
inspection of ratio images (cycle-to-master), we do not find strong evidence for changes in
the pixel-to-pixel sensitivities as a function of time for most filters and cycles. The largest
deviations are for F125W between cycles 17 and 18, where the wagon wheel changes con-
siderably. Combined with the photometric stability, our results imply that the tungsten lamp
is effectively becoming redder with time, which is consistent with the filament-vaporization
hypothesis (e.g. Baggett 2009), whereby the tungsten filament is vaporizing over time and
coats the inner surface of the lamp and acting as an additional filtering surface.

1 Introdution

The Wide-Field Camera 3 (WFC3) has four tungsten lamps designed to monitor the perfor-
mance of the IR channel by routine observations of an “internal flat field,” whereby one lamp
will illuminate the detector. Because the optical path from the internal lamps has a very
different focal ratio than that of science observations, internal flat fields are primarily used to
identify pixel-to-pixel variations, fluctuations in the mean count rates, and any wavelength-
dependent effects over the life of the instrument. Here we analyze the internal flat fields
collected since the Science Mission Observatory Verification (SMOV), which extends prior
analyses (e.g. Baggett 2009; Hilbert 2009; Dahlen 2013; Ryan & Baggett 2015).

This Report is organized as follows: in Section 2 we describe the data and our analysis
methods, in Section 3 we present our main results, and in Section 4 we conclude with a
discussion.
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2 Data and Analysis

We retrieve all of the data from SMOV to the present for the medium- and wide-pass filters
from MAST; there are 11 programs, nine filters, and 1165 files in our dataset. All of these
data were processed by on-the-fly calibration pipeline with OPUS VER=‘HSTDP 2016 1a’. In
Table 1, we present a few basic properties of our dataset.

Based on the lessons learned from our earlier work (Ryan & Baggett 2015), we have
streamlined our analysis steps. The most significant changes reflect our improved under-
standing of the long-term persistence (burping) and its prevalence in these flat field data.
Therefore, we have removed many of those iterative and manual steps to identify, elim-
inate, and characterize the burping persistence, and instead we leverage our findings in
Ryan & Baggett (2015) on the burping timescale to preemptively mask those signals. Our
new analysis procedure for this Report is primarily:

1. Persistence Masking: In Ryan & Baggett (2015), we found that∼50% of theWFC3/IR
exposures showed very low-levels (. 2%) of image persistence that could only be as-
cribed to stimuli from & 4 − 6 days prior. Although the nature of this long-term
persistence is still unclear, it seems that it may be related to the order of operations
between the stimulus and the exposure of interest. Therefore, we flag any pixel that
has a stimulus of ≥ 40, 000 DN at any time up to six days prior to the internal flat
field exposure.

2. Image Statistics: To compute the image statistics for each image, we ignore the pixels
from the above persistence masks and those associated with non-zero data-quality flags.
We compute the outlier-resistant average (µ) and standard deviation (σ) for these valid
pixels, then compute the histogram for the valid pixels in the range [µ − 5 σ, µ + 3 σ]
with 500 evenly spaced bins, which is typically a bin size of ∼ 0.1 and ∼ 0.5 DN s−1

pix−1 for the medium- and wide-bands, respectively. We fit a Gaussian distribution
for ±10 bins around the most populous bin. We take the mode as the location of the
Gaussian peak (see Figure 1 as an example for ICQL02RVQ).

3. Stack Images: To stack the flat fields, we normalize each image to the mode-count
rate derived above, then compute the 3 σ outlier-resistant average and standard de-
viation1 for each pixel in a set of images. We use the same bad-pixel masking de-
scribed above, which accounts for six days of persistence and data-quality flags. As in
Ryan & Baggett (2015), we consider a “master” set and a “cycle” set for each filter,
where we combine all of the images and just those in the same cycle, respectively.

3 Results

In Figure 2, we show the mode-count rate as a function of time since a Modified Julian
Day (MJD) of 55 000 for each medium- and wide-pass filter, arranged by increasing pivot
wavelength. Following Ryan & Baggett (2015), we fit a linear model for times ≥56 000 MJD

1The outlier-resistant average and standard deviation are taken from the IDL Astronomy Library
https://idlastro.gsfc.nasa.gov.
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Table 1: Datasets†

filter SMOV Cy17 Cy18 Cy19 Cy20 Cy21 Cy22 Cy23 Cy24 Cy25 Cy26 All
11433 11915 12338 12712 13098 13587 14029 14391 14548 14998 15591

F098M 10 22 3 2 2 2 2 2 2 2 0 49
F105W 20 22 39 23 20 9 8 8 8 8 3 168
F110W 20 36 39 23 20 9 8 8 8 8 3 182
F125W 20 44 39 23 20 9 8 8 8 8 3 190
F127M 20 22 3 2 2 2 2 2 2 2 0 59
F139M 20 44 3 2 2 2 2 2 2 2 0 81
F140W 20 30 39 23 20 9 8 8 8 8 3 176
F153M 10 22 3 2 2 2 2 2 2 2 0 49
F160W 20 66 39 23 20 9 8 8 8 7 3 211
†The table header gives the cycle designation and proposal ID number and each cell represents the number
of available exposures.
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Table 2: Lightcurve Slopes

filter PHOTPLAM† slope
(µm) (%/yr)

F098M 0.99±0.05 −0.35± 0.02
F105W 1.06±0.08 −0.32± 0.01
F110W 1.15±0.14 −0.34± 0.01
F125W 1.25±0.09 −0.28± 0.02
F127M 1.27±0.02 −0.29± 0.02
F139M 1.38±0.03 −0.21± 0.05
F140W 1.39±0.11 −0.21± 0.02
F153M 1.53±0.04 −0.05± 0.07
F160W 1.54±0.08 −0.06± 0.02
†Uncertainty is given by PHOTBW.

and see that nearly every filter is showing a decline in mode-count rate. We normalize these
models to the value at t= 56 000 to factor out overall net level and establish a percentage
change over time (as indicated by the right axes). As the hatched and gray regions might
suggest, these decreases in mode-count rate were first reported by Ryan & Baggett (2015),
but not by Dahlen (2013).

In Figure 3, we show the master stacks (top-row) for each filter (arranged by pivot
wavelength). To identify changes over time, we show the ratio of the cycle-to-master for
each filter below. For the most part, the filters do not exhibit strong pixel-to-pixel variations
over time, although there are some notable exceptions. For example, the wagon wheel region
for F125W goes from < 1 to > 1, as indicated by its change in hue between cycles 17 and
18. Since the medium-bands generally have fewer exposures than the wide-bands and are
taken at fewer times throughout the year, the presence of some intense exposures ≤6 days
prior can corrupt significant portions of the cycle stack (as described in Section 2) during
the persistence masking. In which case, these cycle stacks show anamolous structure (such
as F139M for cycle 20).

4 Disussion

In Figure 4, we show the normalized slopes from Figure 2 in units of % yr−1 as a function of
the pivot wavelength (and the PHOTBW as horizontal uncertainties). Here we see the reddest
bands (e.g. F153M and F160W) show almost no significant decline, while the bluest bands
(e.g. F098M) have a considerable decrease. In broad terms, there are three explanations:
(1) changes in the electronics (such as a decline in sensitivity), (2) changes in the optical
path (such as the aging filters), and/or (3) changes to the tungsten lamp, which we consider
in turn:

The first two hypotheses would manifest themselves in similar ways, therefore we will
simultaneously discuss their implications. First, the two-dimensional images of the inter-
nal flat fields do not change significantly over time or for any given filter (see Figure 3),
which seems to rule out certain types of changes in the detector — as many changes would
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WFC3/IR Internal Flats

likely impart a spatial signature. Additionally, monitors of the photometric sensitivity (e.g.
Kalirai et al. 2011) do not report any changes of order ∼0.02 mag, as would be required by
our findings in Figure 4. These would rule out the first two options, leaving only changes to
the tungsten lamp as a viable explanation.

Ryan & Baggett (2015) saw similar changes to the internal flat fields and concluded that
the tungsten lamp was changing over time. Here we consider two options for these changes:
the lamp is cooling or its filament is vaporizing and coating the inner surface of the bulb. To
investigate the former option, we fit a blackbody spectrum to the photometry at t=1000 and
3500 MJD2. Under this assumption of a thermal change, we find the temperature drops from
T =2160± 20 K to 2100±13 K and “goodness-of-fit” of χ2=360 and 68, 0003, respectively.
We also inspected the telemetry associated with the tungsten lamp, and find no significant
variations with the temperature, current, or power consumption of the lamp over the same
period of time. Therefore, based on these poor fits (particularly for t = 3500 MJD) and
inconclusive telemetry, we conclude that the lamp-cooling scenario seems unlikely.

Baggett (2008) predict that tungsten lamps will redden over time as the vapor-deposited
filament material is more transmissive at longer wavelengths, however there are no quan-
titative models for its color dependence. But, Peeples (2017) recently observed a similar
reddening of the Pt-Cr/Ne lamps for λ∼ 2300 Å, which are used for the wavelength cali-
bration of the Space Telescope Imaging Spectrograph (STIS). Although one might expect
differences in the fading properties of lamps with different compositions, it is nevertheless
reassuring that the qualitative behavior is seen in other instruments. But, the optical filters
with WFC3/UVIS can also be illuminated with a tungsten lamp from the same production
batch as the one for the IR channel. If the lamp reddening scenario is correct, then it is
natural to look for a similar behavior in the optical filters with WFC3/UVIS, which we leave
to future work.
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WFC3/IR Internal Flats

Figure 1: Distribution of pixel brightness for ICQL02RVQ. We estimate the mode-count rate
for each exposure by fitting a Gaussian distribution to the bins in the vicinity of the most
frequent bin. In the inset, we show the image (black regions represent bad pixels), where
the color maps to the histogram value.
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Figure 2: Mode count rates for the medium- and wide-pass filters as a function of time
(arranged by pivot wavelength, labeled at the left edge). The gray and white-hatched re-
gions indicate the parameter space examined by Ryan & Baggett (2015) and Dahlen (2013),
respectively. As described by Ryan & Baggett (2015), we fit a linear function to the data
for t≥56 000 MJD, which is shown as a solid black line in each panel. On the right axes, we
show the percentage change as normalized to the linear model at t=56 000 MJD.
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Figure 3: Internal flat fields. The top row shows the “master” stack over all cycles. The
following rows show the “cycle” stacks normalized to the master stack, to highlight deviations
that change over time. We show the color bar along the bottom — the top row of digits
refer to the master stacks, whereas the lower row refers to the ratio images.
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Figure 4: The slope of the linear model from Figure 2. We show the medium- (green) and
wide- (red) pass filters positioned based on their PHOTPLAM and PHOTBW parameters, which
are available at http://www.stsci.edu/hst/wfc3/ir phot zpt. For posterity, we present these
results in Table 2.
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