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ABSTRACT

We continue previous studies of Dragon’s Breath and Scattered Light anomalies on the
WFC3/UVIS detector with an additional 764 Dragon’s Breath flagged images (on top of
1,338 images in the original study) from September 2016 to February 2024. The percent of
images affected by Dragon’s Breath (between 6% to 10%) in the past and current dataset is
consistent within the margin of error for all tested filters (F606W, F814W, F200LP,
F350LP, and F600LP) except F200LP, which has a significantly lower occurrence rate in
the new dataset (from 13% down to 4%). However, this drop in occurrence rate is most
likely due to small statistics. Stars causing Dragon’s Breath continue to peak in appearance
within 490 pizels (~20 arcseconds) off the edge of the detector. Dragon’s Breath seems to
appear relatively uniform around the detector though somewhat less often around the Amp
A and Amp D corners. Dragon’s Breath stars peak within 0.5 magnitudes of 11.9 and 14.6
V-band magnitude across all filters. The Dragon’s Breath tools on the WFC3 anomaly
page, including the interactive bokeh plot and the searchable table are updated with
the new dataset up to February 2024. In addition, a new XML overlay plug-in for APT has
been published to assist users in identifying stars that may cause Dragon’s Breath when
preparing their proposals.

Introduction

WFC3/UVIS observations may experience unique anomalies (Gosmeyer 2017)) caused by
bright sources that are off the field of view of the detector. The signal from these bright
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sources may get scattered into the image and create a unique pattern of light on the detector
known as “Dragon’s Breath”. “Scattered Light” is a similar anomaly where the light emerges
from the middle of the detector as opposed to off the frame. The effects of Dragon’s Breath
and Scattered Light on an image may vary: some are subtle enough that they are difficult
to spot, while others are more excessive and may affect the overall quality of the science in
the image, as shown in Figure [l Hereafter, all references to Dragon’s Breath also
include Scattered Light.

Figure 1: Left (1d5905byq): A bright source just outside the top of the frame causing a
prominent Dragon’s Breath (also note the diffraction spikes). Right (1d6s03c0q): Scattered
Light near the middle of the image caused by a source well out of the field of view. Addition-
ally, a small Dragon’s Breath protrudes downward from the top right of the detector, caused
by a different bright source.

Dragon’s Breath has been present since ground testing of WFC3 and affects about 8% of
all external full-frame GO images on WFC3/UVIS in every filter. Previous Dragon’s Breath
analysis (Fowler et al. found that stars producing the anomaly peak at certain locations
around the detector and at specific V-band magnitudes of 11.9 and 14.6. Fowler et al. (2017
also released two tools for users: an interactive bokeh plot (Bokeh Development Team 2018
of Dragon’s Breath-causing stars and a searchable table. The analysis and tools were made
using all external full-frame instances of analyzed Dragons Breath data from October 2009 to
September 2016 in 5 filters (F606 W, F814W, F600LP, F350LP, and F200LP) with exposure
times of 300 seconds or greater.

In this report, we continue the Dragon’s Breath analysis using the same methodology
with additional data from September 6, 2016 to February 21, 2024. We reanalyze the spatial
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orientation and the V-band magnitude of all Dragon’s Breath data from 2009 to 2024. We
also update and republish both tools with the additional data, and present a new XML overlay
in APT to assist users in avoiding Dragon’s Breath when preparing their proposal.

Data Collection

Similar to the past analysis, we collect every external full-frame UVIS exposure taken
in F606W, F814W, F600LP, F350LP, and F200LP with exposure times of 300 seconds or
greater from September 6, 2016 (the end date of the previous Dragon’s Breath analysis) to
February 21, 2024. We choose to use these filters due to their popular usage, their ability
to transmit more light than narrow-band filters, and their improved signal-to-noise ratio to
best capture visible Dragon’s Breath artifact. Selecting images with exposure times greater
than 300 seconds also improves the likelihood of Dragon’s Breath artifacts visibly appearing
on the exposure.

We take advantage of the WFC3 Quicklook Anomalies Database (Medina and Baggett
2020)) to query images that meets the aforementioned conditions while also having Dragon’s
Breath and/or Scattered Light. Team members part of the WFC3 Quicklook project go
through new exposures daily and flag anomalies that are present in the image by eye. This
may lead to a small fractions of anomalies, including Dragon’s Breath and Scattered Light,
to be missed due to human error. Using these conditions from the Quicklook database, we
inspect 976 images that were flagged with Dragon’s Breath and/or Scattered Light across
all five filters.

Given that Dragon’s Breath is caused by stars off the frame, we use the Two Micron All
Sky Survey (hereafter 2MASS; Skrutskie et al.|[2006) to determine the position of stars off the
frame. We first match stars in the image with known stars that have accurate coordinates
in the absolute system to define the mapping of our frame. We then use this frame to
make a “beyond image”, which contains the original image along with the detector border
and identified 2MASS stars outside of that border in order to manually classify Dragon’s
Breath-causing stars. Figure [2| shows an example of a beyond image with a Dragon’s Breath
star.

2MASS catalog lacks photometric information for UVIS data, so we query the Hubble
Guide Star Catalog IT (hereafter GSC-II; Lasker et al. |2008)) in order to extract a V-band
magnitude value for each Dragon’s Breath-causing star. Searches are done with a 0.05" radius
cone around the 2MASS coordinates of the offending star. We used the closest object within
the search radius and recorded its V-band magnitude. 21% of the stars in the new dataset
from 2016 to 2024 did not have an associated V-band magnitude in the GSC-II. In addition
to recording the position and magnitude, we query the Quicklook database to retrieve FITS
header metadata, specifically: exposure time, observation date, proposal ID, and filter.

The procedure and interface of recording Dragon’s Breath-causing stars using the beyond
image, as well as the methods in querying the GSC-II and the QuickLook Database in
Python, are described in greater detail in Fowler et al. (2017)).
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Figure 2: Beyond image for exposure tecs0397q. The size of the circle surrounding the
source is dependent on the 2MASS magnitude of the star. In this example, the offending
source causing the Dragon’s Breath is identifiable outside of the bottom left of the detector
frame, highlighted in red.

Analysis

Among the 976 images inspected from September 6, 2016 to February 21, 2024, 764 were
found to have a Dragon’s Breath-causing star, adding to the 1,338 images from the past study
(2,102 images total). An associated V-band magnitude from GSG-II was not found for the
offending source in 212 images. Tables [T} [, and [3] summarize the percentages of Dragon’s
Breath identified in the UVIS images for each filter from September 2016 to February 2024,
October 2009 to September 2016 (Fowler et al. 2017 dataset), and October 2009 to February
2024 (both datsets), respectively.
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Table 1: Number of images affected by Dragon’s Breath compared to total number of full frame
UVIS images for each filter from September 2016 to February 2024. The last column shows
the percentage of all Dragon’s Breath flags in the dataset that are identified in that given
filter.  The number of UVIS images reflects full-frame GO proposal images with exposure
times of 300 seconds or greater (not every UVIS image taken).

Filter ‘ # of UVIS Images ‘ # Images Affected ‘ % Images Affected ‘ % of Dragon’s Breath

F606W 3405 289 8% 38%
F814W 4696 266 6% 35%
F600LP 185 18 10% 2%
F350LP 2897 170 6% 22%
F200LP 540 21 4% 3%

Table 2: Same as Table 1, but for data from October 2009 to September 2016 (adapted from
Fowler et al. (2017).

Filter ‘ # of UVIS Images ‘ # Images Affected ‘ % Images Affected ‘ % of Dragon’s Breath

F606W 4821 455 10% 34%
F814W 5312 443 9% 33%
F600LP 018 36 % 3%
F350LP 4218 383 9% 29%
F200LP 162 21 13% 2%

Table 3: Same as Table 1, but for data from October 2009 to February 2024 (all Dragon’s

Breath data).

Filter ‘ # of UVIS Images ‘ # Images Affected ‘ % Images Affected ‘ % of Dragon’s Breath

F606W 8226 744 9% 34%
F814W 10008 709 % 34%
F600LP 703 54 8% 2%
F350LP 7115 953 % 28%
F200LP 702 42 6% 2%

We compare Table [I] to Table 2, which is the same table for data from 2009 - 2016. We
find that the occurrence of Dragon’s Breath in both datasets are similar (6% to 10%) and is
consistent within the margin of error for all tested filters except F200LP, which sees a much
higher occurrence rate of affected images in the old data set compared to the newer one
(from 13% to 4%). This significant drop in percentage is most likely due to small statistics,
as there were only 162 F200LP images observed in the earlier dataset compared to 540 in
the newer dataset. This indicates that the rate at which Dragon’s Breath affects images has
not changed substantially in the past 8 years for most of the selected filters.
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To more precisely observe the behavior of Dragon’s Breath-causing stars around the
detector, we first remove duplicate Dragon’s Breath-causing stars from our dataset. Multiple
observations from a single proposal may be affected by the same star due to exposures usually
being taken in a similar way when in the same proposal. For example, 21 images from GO
proposal 13739 observed across ten different visits and four days are all affected by the same
Dragon’s Breath-causing star at approximately the same location. Conserving duplicate
flags of the same star from multiple images in a single proposal will skew the results of our
analysis. The rest of the work in this paper excludes duplicate Dragon’s Breath flag among
proposals and visits. However, we preserve every flag and every observation in the updated
Dragon’s Breath tools.

To remove duplicate Dragon’s Breath-causing stars from the full dataset, we iterated
over both proposal ID and target name (header keywords PROPOSID and TARGNAME). When
analyzing only one proposal ID and target at a time, we classified an offending source as
a duplicate if the x and y locations were identical. However, most observations are taken
with a small dither, so by using keywords POSTARG1 and POSTARG2, we then removed any
duplicate offending sources that were within the pixel shift of the small dither. Large dithers
are not often affected by this, as they can remove scattered light off the chip due to the large
changes in the geometry of the FOV.

Spatial Analysis

Fowler et al. (2017) finds that the immediate 490 pixels (~20 arcseconds) around the
detector are most prone to Dragon’s Breath effects, with a few instances outside the 490-
pixel region. We repeated this analysis and found the same result, as shown in Figure [3
Dragon’s Breath flags that are located outside of the 490-pixel border were investigated in
further detail to reconfirm that there was Dragon’s Breath in the image. The beyond image
of these instances is shown in Figure 4] In addition, we find that there are very few instances
of Dragon’s Breath effects around the Amp A (top left) and Amp D (bottom right) corners.
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Figure 3: 2D spatial map around the UVIS detector (solid black) for Dragon’s Breath-causing
stars flagged between October 2009 and February 2024. Different color points correspond to
the filter in which the image was observed with. The pink dotted line outlines 490 pixels (~20
arcseconds) outside of the UVIS detector, within which a majority of Dragon’s Breath-causing
stars are located.
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Figure 4: Beyond files of the four outliers (ibitilerq, ibezbby9q, 1d2t20cts, and
1cuql27d1q) with stars outside the 490-pizel border around the UVIS detector in Figure @
The image scaling is different for each exposure to better show the anomaly in the obser-
vation. Encircled stars in red are the stars flagged as causing the Dragon’s Breath in the
images. FEncircled stars are our best estimate of the source causing the anomalies, however
the scattered light path is not known well and it may possibly be caused by a different star.

Figure [5| shows 3D histograms (bin size = 125 pixels) of Dragon’s Breath-causing stars
around the UVIS detector for images flagged from October 2009 to February 2024 in wide
(left) and long-pass (right) filters. Fowler et al. finds that there are certain positions
around the detector that are more prone to Dragon’s Breath effect. However, many of
the peaks that Fowler et al. characterizes are affected by multiple counts of the
same Dragon’s Breath-causing star that is flagged in back-to-back observations of the same
proposal, skewing the result of the analysis.
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After removing the duplicate counts, we find that Dragon’s Breath-causing stars appears
relatively uniform throughout the detector in all filters, with a slight peak in F814W near the
Amp B corner of the UVIS detector (a count of 7, compared to 1-4 elsewhere). Furthermore,
the corner of Amp A and Amp D has a scarcity of Dragon’s Breath-causing stars in long-pass
filters, but this could be a result of a small dataset of long-pass filters investigated, where
only 230 / 675 unique Dragon’s Breath-causing stars are observed in F200LP, F350LP, and
F600LP.

F60EW
F814w
F600LP
F350LP
F200LP

Frequency

Figure 5: 8D histograms (bin size = 125 pizels) of Dragon’s Breath-causing stars around
the detector space for data from October 2009 - February 2024 for wide (left) and long-pass
(right) filters. The distribution of Dragon’s Breath-causing stars appears uniform around the
detector, apart from a small spike in F814W near the Amp B corner of the detector and the
absence of stars around the Amp A and Amp D corner in long-pass filters.

V-Band Magnitude

Fowler et al. finds that Dragon’s Breath sources are more likely to peak at specific
V-band magnitudes. Figure[6] shows 2D histograms of Dragon’s Breath-causing stars as well
as the unaffected star population (2MASS stars within 500 pixels of the frame that were
identified and recorded, but not Dragon’s Breath-causing) off the detector for all images
with respect to their associated V-band magnitude. A Gaussian kernel density estimation
is applied to each star distribution, except F200LP due to lack of measured data in that
filter (less than 10 unique Dragon’s Breath-causing stars in F200LP). The fit curves for the
total Dragon’s Breath-causing star and unaffected star populations are also normalized to
one and are shown in Figure [6] (bottom right).

In agreement with the findings of Fowler et al. (2017), Dragon’s Breath-causing stars
peak within 0.5 magnitudes of 11.9 and 14.6 magnitude for all filters, despite the normal
population of stars peaking around 16.5 magnitudes. There is also a third peak in F350LP
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at around 13.4 magnitude, but this peak is not reflected in the total population of Dragon’s
Breath stars as shown in the scaled fit curves.
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Figure 6: Counts of of Dragon’s Breath-causing stars with respect to their associated V-band
magnitude for wide filters (top left), long-pass filters (top right), and the unaffected population
of stars (bottom left). A Gaussian kernel density estimation is applied to every separate star
distribution, except F200LP due to the lack of unique Dragon’s Breath-causing stars in that
filter. Also shown are fit curves for the total Dragon’s Breath-causing stars and the normal
star populations normalized to one (bottom right). Dashed lines indicate the peaks of each
fit curve in each filter. Dragon’s Breath-causing stars are peaking within 0.5 magnitudes of
11.9 and 14.6 magnitudes in all filters, while the unaffected star population is peaking at a
magnitude closer to 16.5.

Exposure Time

The effective counts measured of objects outside of the frame are still dependent on the
associated exposure time of the image and may influence where observed Dragon’s Breath
stars peak in magnitude. Figure [7]shows the associated V-band magnitude vs. the exposure
time of all Dragon’s Breath-causing stars in all tested filters. In agreement with Fowler et al.
, there is no noticeable peak or trend that would indicate a dependence on exposure
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time that may affect what associated V-band magnitudes Dragon’s Breath-causing stars
peak in.
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Figure 7: V-Band magnitude of Dragon’s Breath-causing stars as a function of exposure
time in wide filters (left) and long-pass filters (right). There is no indication that there is a
dependency on the exposure time of the image that may affect the peak magnitude of Dragon’s
Breath objects in all filters.

Conclusions

We continue upon past Dragon’s Breath study by Fowler et al. (2017)) with new data from
September 2016 (where the first study ended) to February 2024, adding 764 more Dragon’s
Breath-causing stars to our analysis and tool. The percentage of images affected by Dragon’s
Breath in both datasets is consistent within the margin of error for F606W, F814W, F350LP,
and F600LP exposures. The occurrence rate of affected images in F200LP exposures is much
higher in the older dataset compared with the new one (from 13% to 4%). However, this
decrease in occurrence rate is most likely due to the small statistics of images observed in
F200LP.

We find that almost all Dragon’s Breath-causing stars are located within 490 pixels (~20
arcseconds) of the edge of the detector. Dragon’s Breath-causing stars also appears relatively
uniform throughout the detector in all tested filters. However, we find that Dragon’s Breath-
causing stars appears less frequently around the Amp A (top left) and Amp D (bottom right)
corners of the UVIS detector. Observers should avoid bright stars that are just outside the
FOV to prevent Dragon’s Breath appearing on their exposures.
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In agreement with the findings of the past study, Dragon’s Breath-causing stars peak
within 0.5 magnitudes of 11.9 and 14.6 V-band magnitude for all tested filters, despite
the main population of non-causing Dragon’s Breath stars peaking at 16.5 magnitudes.
Observers can take advantage of this by avoiding taking their observations around stars
of those magnitude to decrease the odds of Dragon’s Breath affecting their image. In our
analysis of exposure time, we find that there is no relation between the peak associated
V-band magnitude of Dragon’s Breath-causing stars and the exposure time of the associated
images.

Efforts to monitor the prevalence of Dragon’s Breath on the UVIS detector are ongoing.
For future work, it is worth investigating the morphology of Dragon’s Breath and Scattered
Light in greater detail, e.g. the homogeneity of Dragon’s Breath and Scattered Light on
exposures, and at what magnitudes and/or position do Dragon’s Breath becomes prominent
such as the one shown in Figure[l] Given that most of the work in identifying Dragon’s Breath
and the stars that cause it are done manually, human error is inevitable. Automating steps in
identifying exposures affected by Dragon’s Breath and Dragon’s Breath-causing stars in the
beyond images may reduce the errors introduced when performing this analysis manually,
however that is beyond the scope of this report.

Recommendation to Users

Two user tools were previously released to help plan observations in the past study:
an interactive Bokeh plot of Dragon’s Breath-causing stars with a mouse-over preview of
the affected image along with its image metadata (Figure 8| Porterfield et al. 2016) and a
searchable table containing the same metadata as the interactive plot (Figure @ The new
Dragon’s Breath dataset is added to both the interactive plot and the searchable table in its
entirety, with both tools now updated up to February 2024. They can both be found on the
WFC3 Anomaly Page.

Furthermore, a previously internal-only XML plugin for APT (Peter McCullough, priv.
comm.) has been published for external use to assist users in identifying stars that may
cause Dragon’s Breath artifacts in their exposures. The tool creates an overlay the size of
the detector with the addition of a 490-pixel outline (~20 arcseconds) around the FOV. It
can be loaded through the “FOV” tab in the APT Aladin file viewer on top of the planned
visit. The overlay has a diagonal line at the Amp C corner as well as FOV outlines of STIS
and NICMOS instruments to assist with orientating the overlay over the UVIS FOV. Users
can then experiment with the orientation of the Dragon’s Breath overlay and/or the FOV of
their exposure to investigate which combination may impact the science of the image. Figure
shows the Dragon’s Breath overlay over an observation affected by Dragon’s Breath in
the Aladin file viewer on APT.
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DRAGON'S BREATH V Band Magnitude: 14.1
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Figure 8: Interactive Dragon’s Breath bokeh plot. Hovering over a point will show the
affected image as well as proposal ID, image rootname, coordinates of the Dragon’s Breath
object, its associated V-band magnitude, exposure time, observation date, and filter.

Dragon's Breath User Table

Hello! You've found yourself a table of every cataloged star that causes Dragon's Breath for WFC3/UVIS. Each rootname links to
an image preview if you want a look at how this particular exposure came out. Feel free to root around in the data, by searching for
a few of the following parameters.

Updated: July 31, 2024

Search for Proposal IDs! Search for V Band Magnitude! Search for Filter! Search for Exposure Time!
s ) e e e el ) )
ifaalzjxq 17504 2024-1-30 11.641 0.133 Fe06W | 370.0 (2846.75,-175.13)

ifaalzjpg 17504 2024-1-30 11.641 0.133 F606W | 370.0 (2844.45,-177.7)

ifaalzjmq 17504 2024-1-30 11.641 0.133 Fe06W | 370.0 (2841.51,-180.43)
ifaa2elhq 17504 2024-1-20 11.641 0.133 F606W | 320.0 (2817.53,-186.52)
ifaa2elig 17504 2024-1-20 11.641 0.133 F606W | 350.0 (2819.87,-184.07)
iexj10obq 17199 2023-8-23 10.35 0.033 F814W | 664.0 (4509.48,4540.91)
iexj10oeq 17199 2023-8-23 10.35 0.033 F814W | 664.0 (4511.92,4543.54)
ietx4raiq 16786 2023-7-8 13.9012 0.422103 F814W | 952.0 (4225.21,4179.69)
ietx4rafq 16786 2023-7-7 13.9012 0.422103 F814W | 952.0 (4225.03,4179.64)

Figure 9: Searchable table of all instances of Dragon’s Breath. Users can search by proposal
ID, associated V-band magnitude, filter, or by exposure time.
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