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ABSTRACT     
       
We compute new flat fields for IR imaging filters to correct for ‘blobs’, small regions with reduced 
sensitivity in calibrated images. The new flats were computed by stacking inflight observations of 
sparse astronomical targets after the appearance of each blob to produce a deep image of the sky 
background. These D-flat reference files provide a ‘delta’ correction to be applied to the latest 
‘pixel-to-pixel’ P-flats which improve the spatial sensitivity calibration with wavelength (Mack et 
al. 2021). D-flats are available in six filters: F098M, F105W, F110W, F125W, F140W, F160W 
for all blobs appearing through July 2018, and they correct for 148 of 151 known blobs at 49 
unique ‘appearance dates.’ Starting in October 2020, calwf3 will use the product of the new P-
flat and D-flat reference files as part of the flat field calibration step. Additional D-flats will be 
delivered for the most recent blobs once more inflight data is available.  

 

1. Introduction      

Small circular regions with reduced sensitivity have appeared in WFC3/IR images over time. 
Referred to as 'blobs', these artifacts are caused by defocused particulates on the WFC3 Channel 
Select Mechanism (CSM) and currently affect ~2% of detector pixels. Blobs are typically 10-20 
pixels in diameter and can reduce the incoming light by up to ~30% at the center of the blob. These 
low-sensitivity regions were first noticed in flat fields acquired during ground testing (Bushouse 
2008) and were described as 'small particulate features with reduced QE' (quantum efficiency). 
The authors recommended that on-orbit images be used to properly flat field these features, which 
were expected to shift position following the in-flight IR channel optical alignment. 

The term ‘blobs’ was first used by Pirzkal et al. (2010) who provided a catalog of position and 
radius for 19 blobs observed in on-orbit data acquired through March 2010. This work describes a 
set of calibration test data which verified that blobs are located on the Channel Select Mechanism 
(CSM) and not on the IR detector itself.  Pirzkal & Hilbert (2012) expanded the catalog to 40 total 
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blobs appearing through July 2012 and included an new estimated ‘date of appearance’ and blob 
‘color’. Using photometry in a 3-pixel radius, the authors showed that the blobs are somewhat 
weaker in F160W versus the F105W and F125W filters, where they are roughly equal in strength. 

Calibration observations of the dark Earth in the F153M filter were used to update the catalog to 
127 total blobs appearing through March 2014 (McCullough et al. 2014). By using airglow as a 
uniform sky background illumination, the authors were able to identify many smaller and weaker 
blobs which were not apparent in science frames due to their lower sky background levels. Three 
categories of blob ‘strength’ were defined, based on the integrated sensitivity loss measured for 
each blob over its total area, and ID’s were assigned to each blob based on detector (x,y) position 
for the three strength levels. Of these, only the strongest blobs (ID #’s 1-46) with losses exceeding 
2.62% were included in a new set of time-dependent bad pixel tables, where a separate table was 
created for each unique blob appearance date. The remaining 81 ‘weak’ blobs (ID #’s 47-127) 
were simply cataloged but were not assigned any bad pixel flags.  

The 2014 report provided a link for users to download a custom flat field correction image for 
experimental use, computed from the ratio of a large stack of Earth flat images and the F153M P-
flat reference file (Pirzkal et al. 2011) in use at the time by calwf3. This ‘delta’ correction provided 
a high signal-to-noise ‘pixel-to-pixel’ correction for all 127 cataloged blobs, regardless of strength 
or appearance date, which could be applied directly to calibrated FLT (*flt.fits) images. The 
correction was recommended for cosmetic purposes only, and the authors suggested that while it 
may improve the photometry of extended sources, it was not expected to work well for stellar 
photometry due to the small optical cross section of the blobs. Durbin & McCullough (2015) tested 
this theory by performing photometry of dithered exposures in a crowded region of 47 Tucanae. 
While they reported significant improvements in the photometry, they still recommended that the 
delta correction be used only for images which did not use a blob dither (e.g. PATTERN=‘WFC3-
IR-DITHER-BLOB’) or a custom ~5” dither as part of the Phase II observation strategy. 
 
To check for the appearance of new blobs over time, the WFC3 team acquires a set of dark Earth 
flats each time the CSM is repositioned from UVIS to IR, giving a typical cadence of ~1-2 visits 
per week (e.g. see WFC3 program CAL-16412). Using this monitoring data, Sunnquist (2018) 
updated the blob catalog once again using the same software algorithms developed for the 2014 
analysis. For convenience, the IDs were renumbered according to the estimated ‘Appearance 
Window’, rather than by detector position or strength, so that new blobs may simply be assigned 
the next consecutive number. While they continued to report the blob strength, the authors 
simplified the prior three categories (‘strong’, ‘medium’, and ‘weak’) to a simple (Yes/No) column 
to indicate whether a given blob was strong enough to be flagged in the DQ array (e.g. total loss 
exceeding 2.62%). Since the monitoring strategy and detection algorithms have not changed over 
several years, the catalog in this report is continuously updated as any new blobs are discovered.  
 
In this work, we describe a new set of delta-flats (D-flats) to correct for blobs, and we demonstrate 
the improvement for a set of sample datasets recalibrated with the new reference files. In 
coordination with this analysis, Mack et al. (2021) have delivered an updated set of ‘blob-free’ P-
flats which improve the ‘pixel-to-pixel’ sensitivity calibration with wavelength and which correct 
for differences in the IR gain value across the four amplifiers. While there is only one set of P-flats 
(one for each of the 15 imaging filters), D-flats are available for six filters at 49 unique blob 



 3 

appearance dates. The appropriate delta-flat is selected according to the USEAFTER keyword in 
the flat field header corresponding to the observation date (DATE-OBS) keyword in the header of 
the raw image. During the calibration of archival data, calwf3 multiplies the P-flat and the D-flat 
reference files together to form a combined flat field image.  
 
These new flat fields were derived from deep exposures of the IR sky background, computed by 
stacking high signal-to-noise images of sparse fields acquired over the lifetime of WFC3. The two 
studies use the same archival data sample and software algorithms, where P-flats in blob regions 
are based on images acquired before a given blob appeared, while D-flats are based on images 
acquired after the blob appeared. In Section 2, we describe our data sample and the criteria used 
for selecting archival images to be included in our analysis. In Section 3, we examine the total 
number of blobs appearing over time and look for any correlation with the blob strength. We 
highlight custom reduction techniques which were used to improve the calibrated images prior to 
stacking, most notably by correcting for time-variable background prior to calwf3’s up-the-ramp 
fitting step. This section also provides detail on methods used for masking sources and image 
artifacts and for stacking the normalized ‘background-only’ frames.  
 
In Section 4, we use the delta-flats to compute the mean blob strength and test for any dependence 
on wavelength. In Section 5, we compare several datasets calibrated with the old and new reference 
files and show the improvement when using the new solutions. In Section 6, we highlight future 
work to compute blob flats for a range of CSM angles in order to account for any small offsets in 
the observed position of blobs in on-orbit images. In Section 7, we provide recommendations for 
using the new flats, and we discuss the option for users to ignore the blob flat altogether by using 
the DQ flags to exclude those regions when combining dithered observations with AstroDrizzle. 
 
 
2. Observations 

The best archival images to use for sky flats are sparse fields with a high, spatially uniform 
background. The IR background is primarily a combination of zodiacal light and Earthshine at 
shorter wavelengths, and telescope thermal emission at longer wavelengths (Dressel 2021). The 
F105W and F110W may contain additional background from Helium I airglow at 1.083 microns, 
typically strongest at low Earth limb angles outside the Earth’s shadow. In the worst cases, this 
line strongly dominates the total background (Brammer et al. 2014). We included datasets with 
Helium I emission, but they were first corrected for any time-variable background prior to the 
ramp-fitting step in calwf3. We also used exposures impacted by scattered light from observing 
close the Earth’s limb, resulting in both a time-dependent and spatially-dependent background, but 
the impacted reads were masked prior to running calwf3. This process is described in more detail 
in Mack et al. (2021).  
 
The same set of archival images used to derive P-flats were also used to compute D-flats. This 
includes more than 14,000 calibrated FLT images from 134 programs with observations between 
July 2009 and December 2019. These images were identified by searching the MAST archive with: 
Apertures= ‘IR*’; Exptime= ‘>300’; Keyword= ‘High redshift galaxy’, ‘High redshift cluster’, 
‘Blank*’, or ‘High latitude field’. To achieve a minimum signal-to-noise ratio (SNR) of 10 in the 
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low-background F098M filter (0.4 e-/s/pixel), we limited our sample to include only exposures 
longer than 300 seconds. To accurately identify and correct for time-variable background, we 
included only exposures with more than five reads (NSAMP>5). For galaxy cluster programs, we 
included only ‘parallel fields’ in order to avoid spatial variations in the background due to intra-
cluster light. A complete list of program IDs is provided by Mack et al. (2021).  
 
In Table 1, we describe the archival data sample for six IR filters with the largest number of in-
flight observations. For these filters, the high SNR sky flats replace the prior set of P-flat reference 
files which were based on ground test data. In columns 2 and 3, we list the maximum number of 
FLT frames per filter and the mean number of frames per pixel in the combined stack (after 
masking sources). In general, the mean is roughly half the maximum number of frames, since ~half 
of the detector pixels in a given image are masked prior to stacking (see Section 3.3). In column 
4, we report the mean P-flat error from Poisson statistics. Assuming a mean background of ~1.0 
electron per second and an average exposure time of 700 seconds, a stack of 340 frames per pixel 
would be required to match the ~0.2% errors (SNR ~500) in the ground-based P-flats. For 
comparison, the SNR of the new P-flats ranges from ~400 in F098M to ~1200 in F160W.  
 
In column 5, we give the mean D-flat error for detector pixels affected by the first 148 blobs. The 
minimum error listed in column 6 corresponds to blobs appearing either on the ground or in early 
in-flight data. These errors are similar to, but slightly larger than the mean P-flat errors in column 
4, due to additional masking of bad pixels. The maximum error in column 7 corresponds to the 
most recent blob in our analysis, appearing in mid-July 2018. We chose not to compute delta-flats 
for three more recent blobs (ID #’s 149-151) in order to limit the flat field errors to less than 1%.
    
      
     
Table 1: Archival data sample used to compute delta-flats for six imaging filters. In columns 2 
and 3, we list the maximum number of FLT frames per filter and the mean number of frames per 
pixel after masking sources. In columns 4 and 5, we give the mean P-flat error and the mean D-
flat (blob) error. The minimum D-flat error in column 6 corresponds to the earliest set of blobs and 
the maximum error in column 7 corresponds to the most recent blob included in our analysis.
       

Filter 
Max 

Number  
of FLT’s 

Mean 
Number  
of FLT’s 

Mean 
PFLT 
Error 

Mean 
DFLT 
Error 

Min DFLT 
Error      

(Early blobs) 

Max DFLT 
Error         

(ID #148) 

F098M 737 380 0.24% 0.44% 0.28% 0.76% 

F105W 1875 1070 0.10% 0.21% 0.13% 0.58% 

F110W 679 370 0.17% 0.33% 0.22% 0.73% 

F125W 3167 1600 0.11% 0.21% 0.13% 0.58% 

F140W 1385 680 0.15% 0.25% 0.17% 0.59% 

F160W 5550 2870 0.08% 0.18% 0.10% 0.61% 
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Figure 1: Detector map (1024x1024 pixels) showing 149 blobs cataloged through 2018 using 
F153M observations of the dark Earth, normalized by a stack of internal flats which do not contain 
the blobs. Red circles show ‘strong’ blobs which are flagged in the bad pixel tables, while blue 
circles show all other 'weak' blobs which are now flagged in the delta-flats. Yellow circles 
highlight eight blobs with the largest integrated loss in Earth flats, while cyan circles show eight 
blobs with the largest mean sensitivity loss measured from sky flats (see Table 2). 
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3. Analysis  
 
3.1 Blob Positions, Size, Strength, and Appearance Dates 

Figure 1 shows a map of known blobs, reproduced from Sunnquist (2018) but with blob ID’s over-
plotted for reference. This map represents the detector sensitivity residual computed from the 
median of hundreds of F153M dark Earth flats divided by the median of a smaller stack of internal 
flats in the same filter. Blobs are not present in internal flats since the light from the calibration 
lamps does not pass through the CSM. The blobs vary in radius from the upper-right corner of the 
detector, where they are nearly in focus, toward the lower-left corner of the detector, where they 
are more defocused. McCullough et al. (2014) provide a formula to estimate the blob radius as a 
function of detector position, where the smallest blob (ID #102) is only 3.7 pixels in radius, and 
the largest blob (ID #2) is 12.7 pixels in radius. 

The F153M sensitivity residual was smoothed using a 15x15 pixel median box filter and then 
subtracted from 1.0 so that blobs appear as positive deviations. The authors computed an integrated 
blob 'flux', a term for the equivalent width of the absorption, in units of parts per thousand so that 
blobs with F >26.2 have total losses greater than 2.62%. Blobs with flux values larger than this 
limit are assigned a flag of 512 ‘bad in flat’ in the IR bad pixel tables, and calwf3 will propagate 
these flags to the DQ array of calibrated FLT images. 

Flagged blobs are shown as red circles in Figure 1 and affect ~1.1% of active detector pixels. Blue 
circles indicate all other cataloged ‘weak’ blobs which affect an additional ~1.2% of detector 
pixels. McCullough et al. (2014) noted that the loss of signal due to weak blobs was much smaller 
than the effect of reducing the signal-to-noise by √2 when rejecting these regions from dithered 
data. As a result, they elected to not flag these blobs which would not be visible in most science 
observations. Additionally, they reasoned that a 2-point dither positions reduces the total depth in 
twice the number of pixels (4.6%) for the combined image, versus 2.3% of pixels in a single FLT 
image. By not flagging the weak blobs, these regions would not be rejected but instead averaged 
together with good pixels from the second dithered image, reducing their total attenuation. In this 
work, we compute delta-flats for all blobs, since the accuracy of the calibration depends only on 
the cumulative background and not on the strength of the blobs themselves. 

To look for any distinct deposition events, we plot the cumulative number of blobs in Figure 2 
versus ‘Appearance Date’. The black curve shows a large jump at MJD=55403 (July 25, 2010) 
and corresponds to the date of the first set of dark Earth flat observations (CAL-11917), where 
many small, weak blobs were seen for the first time. Of the sixty-nine 'new blobs' cataloged in 
mid-2010, only six were classified as ‘strong’. We find that the majority of these blobs were 
already apparent in ground test data, as discussed later in this report. In the red curve, we plot only 
‘strong’ blobs with integrated losses greater than 2.62%. These correspond to blob flux (F) values 
in the bottom panel with F > 26.2. The green curve shows somewhat 'stronger' blobs, where we 
further selected F > 30, and the blue curve shows the only the 'strongest' blobs with F > 50. All 
three curves show three distinct bumps around 2010, 2012, and 2018, where the number of blobs 
rose quickly and then leveled off.  The WFC3 team continues to look for any sudden changes in 
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the accumulation of new blobs over time, and the measured blob positions are used to monitor the 
repeatibility of the CSM angle position. 

   

Figure 2:  (Top) Cumulative number of blobs vs. MJD from the catalog by Sunnquist (2018). The 
jump in mid-2010 (black curve) corresponds to the first set of dark Earth images, where many 
weak blobs were first cataloged. (Bottom) Histogram of the F153M blob ‘flux’, where ID’s are 
noted for the ten strongest blobs. The red dashed line shows flux limit for blobs to be ‘strong’ 
enough to be flagged in the IR bad pixel tables, and this corresponds to the red curve in the top 
panel. The green line shows only a subset of 'stronger' blobs, while the blue lines shows only the 
'strongest' blobs (see text for limits). Each curve in the top panel is consistent with three primary 
epochs of blob deposition in on-orbit data. 
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3.2 Early Blobs 

The large jump in the number of blobs in mid-2010 prompted us to investigate which blobs were 
already present in ground test data and which ones appeared in-flight. By adjusting the date of 
these blobs in the bad pixel tables, we can use the DQ flags in calibrated images to select the 
appropriate set of observations to stack for each delta-flat. To determine this, we examined the 
error array of the ground flat reference files, shown in the left panel of Figure 3 for the F125W 
filter. We note two positions per blob, slightly offset due to a realignment which was performed 
midway through the IR ground flat calibration. As a result, blobs are not visually apparent in the 
flat field science arrays, where they are reduced in depth due to averaging, but they are easily 
identifiable as blob pairs in the flat field error arrays, where they have larger errors. 

We find that the majority of blobs cataloged using the first Earth flat observations were already 
present in ground flat images, but they were not included in earlier blob catalogs which were 
derived from science images with a much lower background (see Pirzkal et al. 2010; Pirzkal & 
Hilbert 2012). Of the 69 blobs identified in mid-2010 (ID #’s 38-106), we traced 46 of these (5 
strong and 41 weak) to their slightly shifted positions in the ground flat error arrays, shown with 
green circles. Only one of the six strong blobs recorded on this date (ID #90) was not already 
present in the ground flat. The error arrays also show a number of blobs which are currently not in 
the catalog but which could be added in a future update for completeness.  

In order to compute flat fields for these 46 blobs (ID #’s 39-42, 46-47, 49, 52-55, 57-66, 68-69, 
71, 74-84, 86-89, 91, 93, 95-99), we changed their appearance date from July 25, 2010 (MJD 
55402.7) to July 31, 2009 (MJD 55043.0). We then created a new set of bad pixel tables in order 
for calwf3 to properly populate the DQ flags in recalibrated FLT images. The blob catalog 
(Sunnquist 2018) lists an initial set of 24 blobs appearing in on-orbit images on or before July 31, 
2009. Since there was very little in-flight data prior to this date, we include these first 24 blobs 
plus the 46 blobs identified via the ground flats in a set hereafter refered to as ‘early blobs’. Thus 
the total number of blobs included in the first delta-flat is 70. 

In Figure 3, we compare the ground flat error array with the in-flight sensitivity correction by 
Pirzkal et al. (2011), derived from a filter-independent stack of in-flight images acquired through 
2010. We reproduced this sky flat delta-correction (right panel) by dividing the 2011 P-flat 
‘uc72113qi_pfl.fits’ by the corresponding ground flat ‘sca20262i_pfl.fits’. The image has been 
inverted so that dark regions indicate the original position of the blobs, which are somewhat 
elongated in the Y-direction due to their two positions in the ground flat data. As before, green 
circles highlight blobs cataloged in mid-2010 which were also apparent in ground flat images. 
These blobs shifted position (down by ~10 pixels and to the left by ~20 pixels) after the on-orbit 
IR channel alignment. Uncircled blobs show those appearing in on-orbit images acquired through 
late-2010. Because this early sky flat correction did not contain sufficient signal-to-noise to replace 
the ground-based P-flats, the authors smoothed correction image to reduce noise, slightly 
increasing the radius of the blobs and reducing their overall strength. As a result, IR images 
calibrated with the 2011 P-flats may still show some evidence of residual blob features. 
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Figure 3: (Left) Error array of the F125W ground flat. Blobs on the CSM appear as pairs of white 
circles with √2 larger errors, slightly offset due to an optical realignment midway through the 
calibration program. Green circles show blobs in the ground flat error array with incorrect 
‘Appearance’ dates in the catalog. Additional blob pairs are visually apparent, and these could be 
added to the catalog for completeness. (Right) In-flight correction to the ground flat derived from 
sky flats computed in late-2010. The on-orbit optical alignment shifted the position of blobs down 
and to the left, and dark features highlight their original position in the ground flat. The scale is 
inverted so that blobs, which have reduced sensitivity, appear as white features in both images. 
Uncircled blobs appeared in on-orbit images and are partially corrected with the 2011 P-flats.
     

3.3 Delta-Flats 

Deep stacks of the IR sky background were used to improve the ‘pixel-to-pixel’ sensitivity 
calibration with wavelength, where six filters have high enough signal-to-noise to fully replace the 
ground-based P-flats (Mack et al. 2021). For regions of the detector affected by ‘early’ blobs, 
appearing on the ground or early in-flight, the detector response prior to the blobs’ appearance 
cannot be determined accurately, if at all. We therefore replaced these regions in the P-flat with a 
constant values, derived from the median in a 20-pixel wide circular annulus surrounding each 
blob. Note that the delta-flats are later normalized (divided) by the P-flat value in each blob region 
(see Step 9 below), so this constant value cancels out when calwf3 multiplies the PFLTFILE and 
the DFLTFILE during the flat field calibration step. 

While ‘early’ blobs affect all IR datasets, we elected to keep them separate from the P-flats in order 
to make those P-flats more useful for grism flat field calibration, as described by Pirzkal & Ryan 
(2020) in their study of the dispersed IR sky background in G102 and G141. Blobs appear in their 
model of the Zodiacal light component as elongated shapes, similar to those of normal dispersed 
spectra but with lower signal due to the reduced sensitivity. Blobs also appear in the Helium I 
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airglow component but are offset from their nominal positions in imaging data due to the grisms’ 
dispersion.  

To create the delta-flats (D-flats), we used the time-dependent bad pixel tables to populate DQ 
flags in calibrated FLT images acquired over a long time baseline. For ‘blob-free’ detector pixels, 
the full set of FLT images were stacked to produce the P-flat. For regions affected by blobs, images 
acquired before a blob appeared were used for the P-flat, while images acquired after a blob 
appeared were used for the D-flats. This is illustrated in Figure 4 which shows the number of 
F160W images in our sample as a function of date, where a sample blob appearing on MJD 57500 
is indicated. Histograms for observations in the other five filters are available in Mack et al. (2021). 

 

Figure 4: Histogram showing the number of F160W images versus MJD in bins of 100 days. For 
a hypothetical blob appearing at MJD 57500, in-flight images acquired before the blob appeared 
were used to compute the P-flat, while images after the blob appeared were used for the D-flat.
     

Prior to stacking the images in each filter, we applied several corrections to improve the calibrated 
FLT (*flt.fits) data products. These included generating custom bad pixel tables to populate DQ 
flags for both ‘strong’ and ‘weak’ blobs, masking residual signal from very bright sources in prior 
IR observations (persistence), and correcting for any time-variable background during the 
exposure to improve calwf3’s up-the-ramp fitting. A detailed description is provided by Mack et 
al. (2021), including procedures used to mask sources, stray light, and detector artifacts and then 
normalize each image by its median countrate prior to stacking the images. 
 
To summarize, the procedure for creating the new flat fields is outlined below: 

1. Reprocess each raw image using custom bad pixel tables (with flags for weak blobs) and 
the 2011 pipeline flats (u*pfl.fits). The pipeline flat produces calibrated (*flt.fits) images 
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with nearly uniform background, allowing us to use a single detection ‘threshold’ for 
identifying sources across the detector.  

2. Identify and mask reads contaminated by scattered light from the Earth limb. Correct for 
time-variable background in the F105W and F110W filters from to Helium I emission in 
the Earth’s atmosphere. This is achieved by subtracting the median value from each read 
in the IMA (*ima.fits) file and re-running calwf3 to improve the ramp fitting. For more 
detail on correcting for time-variable background, see Mack et al. (2021), Appendix A. 

3. Mask bad pixels with DQ values of 4, 8, 32, 512 (bad detector pixel, signal in zero read, 
unstable response, bad in flat) by setting their pixel values to ‘NaN’ in the FLT image. Use 
persistence models to mask any residual signal > 0.005 e-/s from prior observations. 

4. Detect sources in each FLT image with SNR > 0.75 and a minimum of 4 connected pixels. 
Exclude the very faint wings of sources by smoothing the segmentation masks with a 2D-
Gaussian kernel with σ=7 pixels and then masking any pixel value > 0.012, determined 
empirically by blinking the mask with the original image. 

5. Recalibrate the raw frames with the flat field correction omitted. Exclude bad reads 
identified in Step 2, and rerun the time-variable background correction. Reapply 
persistence masks and bad pixels masks for DQ flag values 4, 8, 32 only.  

6. Apply the source masks from Step 4 to each calibrated image, and normalize the remaining 
sky background by the median value in the central 900 x 900 pixel region of the detector.  

Here we diverge in methodology from the creation of P-flats: 

7. Instead of using the 512 DQ flags, we separate the images into groups based on blob 
appearance date (MJD) and then stack the relevent set of images for each blob. 

8. Divide the D-flat by the P-flat to compute the ratio between the sky flat without the blob 
and the sky flat with the blob. 

9. Extract the blob regions from each custom image stack and paste into the delta-flat. 
  

As described in Section 3.2, the first delta-flat includes 70 ‘early blobs’, 24 of which were 
identified on-orbit plus an additional 46 cataloged blobs which are visible in ground flat error 
arrays. While the first 24 blobs were indicated by Sunnquist (2018) as appearing on July 31, 2009, 
we assigned a USEAFTER date of May 14, 2009 to this delta-flat to ensure that it is used for all 
in-flight images prior to the next blob appearance epoch. The next delta-flat then includes all 
‘early’ blobs plus one new blob discovered on August 7, 2009. The last delta-flat in our set 
corresponds to July 10, 2018 and includes 148 total blobs. While there have been 3 additional 
blobs since that date (ID #’s 149-151 in December 2018, November 2019, and July 2020), we did 
not create delta-flats for these in order to limit the errors to < 1%. These blobs will be revisited as 
more archival data becomes available.  
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4. Results 

The F125W delta-flat is shown in Figure 5 for 148 blobs appearing through July 2018. Flat field 
values are set to 1.0 everywhere except in the blob regions which are now assigned a flag of 512 
in the delta-flat DQ array. Since blobs do not change position, the delta-flat for an individual blob 
does not change over time, and new blobs are simply added to the previous delta-flat and assigned 
  

 

Figure 5:  F125W delta-flat for images acquired after July 10, 2018, including 148 ‘strong’ and 
‘weak’ blobs. Each blob has been normalized by the mean P-flat value in that region, with pixels 
outside of blob regions set to 1.0. Cutouts of the eight strongest blobs are shown in Figure 9. 
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an updated USEAFTER date. ‘Early’ blobs will not have a sufficient number of images to compute 
a pixel-to-pixel flat, so the delta-flat includes a combination of the blob and the P-flat. This makes 
‘early’ blobs appear noisier in the D-flat, with flat values exceeding 1.0 (dark blue), but these blobs 
actually have the smallest errors, since every image in the sample was used to compute the flat in 
these regions. 

Prior to the availability of delta-flats, users were advised to dither over the blobs and then throw 
out the ‘strong’ blobs by using DQ flags when combining FLT (*flt.fits) images with AstroDrizzle. 
Now, with our large sample of in-flight archival images, we can flat field all known blobs 
regardless of their strength, since the error in the flat depends only on the cumulative background 
in each blob stack. In Figure 6, we present a histogram of the blob flat errors, corresponding to the 
mean, minimum, and maximum D-flat errors for the six filters listed in Table 1.  

 

Figure 6:  Blob delta-flat error for 148 blobs appearing over time, where newer blobs have larger 
errors due to fewer in-flight datasets available for stacking. Differences in the signal-to-noise are 
apparent across the six filters. For F160W (red) with the largest number of images, ‘early’ blobs 
have ~0.1% errors compared to blob ID #148 with an error of ~0.6%. For F098M (blue) with the 
fewest number of images, the delta-flat errors range from ~0.3-0.8%.    
  
 
In Figure 7, we compare the population of blobs visually identifiable in sky flats, in the delta-flat 
by McCullough et al. (2014), and in the ground flat error arrays. In the left panel, we show the 
ratio of the F160W sky flat and ground flat for a section of the detector [1:550,1:1014] which 
includes slightly more than half of the active area. For direct comparison with the 2014 delta-flat, 
the sky flat is now a combination of the P-flat and the delta-flat which includes same set of 127 
blobs appearing through June 2013. The broad cross-shaped residual seen here and in Figure 3 is 
caused by the optical stimulus support structure used during ground testing. Red and blue circles 
show the position of all 151 ‘strong’ and ‘weak’ blobs. Green circles highlight ‘very weak’ blobs 
which were not included in the current catalog, but which can be traced to the ground flat error 
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array (right panel). Yellow circles show the set of ‘very weak’ blobs which are not apparent in the 
ground flat error array and which likely appeared in-flight.  
 
In the central panel of Figure 7, we compare the F153M delta-flat computed as the ratio of the 
2014 combined Earth flat and the 2011 P-flat. For the 106 blobs appearing through December 
2010, the delta-flat correction was smoothed to reduce noise producing blob residuals with dark 
centers (flat < 1.0) surrounded by a white ring with delta-flat values >1.0. An example of an 
improperly flat fielded blob can be seen for blob ID #25 (red circle) just below the amplifier 
boundary. 

  
Figure 7:  (Left) The F160W residual (sky flat divided by ground flat) for the left region of the 
IR detector at [1:550,1:1014]. Red and blue circles show all cataloged 'strong' and 'weak' blobs, 
with their appropriate radii. Green circles show uncatalogued ‘very weak’ blobs which are 
apparent in the ground flat error arrays (right panel); yellow circles highlight ‘very weak’ blobs 
which most likely appeared on-orbit. (Center) The F153M residual (Earth flat divided by 2011 P-
flat). By lowering the detection threshold in the Earth flat images, we could begin to monitor the 
large population of ‘very weak’ blobs. (Right) Blobs in the F125W ground flat error array. 'Very 
weak' blobs (green circles) are visible in both the sky flat and Earth flat residuals. A large 20-pixel 
radius is used here to highlight the two positions per blob. Red and blue circles indicate ‘strong’ 
and ‘weak’ blobs in the catalog with inaccurate (mid-2010) ‘Appearance’ dates.  
  
 
The ‘very weak’ blobs are apparent in both the sky flat residuals and in the F153M delta-flat. They 
are even more obvious in the blob map by McCullough et al. (2014) which shows the ratio of the 
many combined Earth flats with respect to a set of internal flats, rather than to the 2011 P-flat 
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which smooths out the blobs appearing through 2010. The ‘very weak’ blobs were most likely 
excluded from the 2014 catalog due to the authors’ criteria that the blob detection threshold 
exceeds a SNR ~4 in the 3x3 pixel median smoothed image. Conversely, these ‘very weak’ blobs 
are not visually apparent in the map by Sunnquist (2018), where the Earth flat to internal flat ratio 
was more heavily smoothed using a 15x15 pixel median filter. 

Because blobs are somewhat stronger in bluer filters, we anticipated that sky flats might be the 
best method for identifying ‘very weak’ blobs. Instead, we conclude that the higher background 
achievable with a smaller number of Earth flat images makes these data ideal for tracking the 
appearance of new blobs on a more regular cadence, and that any color effects are small. We 
recommend, however, that care is taken to not overly smooth the Earth flats prior to running the 
detetction algorithms. Any blobs present in the ground flats do not need to be added to the catalog 
in order to properly flat field them, since unflagged regions of the detector will simply use a stack 
of all input images. To flat field ‘very weak’ blobs appearing in flight, however, a lower SNR 
threshold should be used for detection, especially for blobs which are particularly strong in bluer 
filters. 
 
For comparison with the ‘Flux’ reported from F153M Earth flats, we compute an alternate measure 
of the blob strength using the mean and the minimum D-flat value for each blob, where flagged 
bad pixels in the blob region were replaced with the median value of the surrounding pixels. Since 
blobs in the lower-left corner of the detector are typically larger than those in the upper right, the 
mean flat value for two different sized blobs is does not depend on the total flagged area, as it does 
for the integrated loss. In the top panel of Figure 8, we show the mean flat value for each blob in 
four wide filters with respect to the mean in F125W. This plot confirms that the blobs are less 
strong in F160W compared to the bluer filters, where they have roughly equal strength. 
 
For all ‘early’ blobs, the delta-flat includes both the pixel-to-pixel detector sensitivity (typically in 
the P-flat) and the correction for the blob itself.  These are plotted as plus symbols for comparison 
with blobs which have been corrected by the P-flat, plotted as circles. While we expected that these 
blobs might not follow the same trend, we find that including wavelength-dependent ‘pixel-to-
pixel’ structure in the mean does not affect the overall linear trend. We performed a linear fit for 
the three broad filters with the highest SNR delta-flats in order to estimate any wavelength-
dependence in the blob strength with respect to the F125W filter. The resulting fits give: 
 

F105W= F125W * 1.01 (± 0.01)  - 0.01 (± 0.01) 
F160W= F125W * 0.75 (± 0.01) + 0.25 (± 0.01) 

 
The blue line in Figure 8 does not correspond to a fit, but shows a slope of 1.0 with respect to 
F125W. This suggests that the F105W, F110W, and F140W blobs are roughly equal in strength to 
the F125W blobs, whereas the F160W blobs appear significantly weaker.  
 
For comparison with the mean, we also estimate the blob strength based on the minimum flat value 
in each blob region (after masking bad pixels), corresponding to the center of each blob. We plot 
the blob minimum versus the F125W minimum in the bottom panel of Figure 8. This plot has a 
larger scatter than the mean but shows the same overall linear trend, with the F160W blobs 
appearing to absorb (block) less incoming light than in the other four filters.   
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Figure 8: (Top) Mean blob sensitivity loss in four wide IR filters plotted vs. the F125W mean. 
Plus symbols show ‘early’ blobs which are a combination of the P-flat and D-flat, while circles 
indicate later-appearing blobs which have been corrected by the P-flat. The solid line is not a fit, 
but shows a slope of 1.0 with respect to F125W. (Bottom) The minimum flat value for each blob, 
corresponding its central pixel. Blobs appear less strong in the F160W filter, as seen in both plots.  
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In Table 2, we rank the blobs in order of decreasing mean F125W strength. Blue font in the ID 
column highlights ‘early blobs’ for which the delta-flat also includes a contribution from the P-
flat. For comparison, we also provide the F160W mean and the F125W/F160W ratio. In column 
6, we provide a second ranking according to the F125W blob minimum. While the rank varies 
slightly between the mean and minimum values, we find the same ten blobs to be the strongest 
using both measures. For comparison, we provide the corresponding F153M integrated ‘flux’ from 
Sunnquist (2018) for the same ten blobs, along with the F153M rank in column 9. Cells highlighted 
in blue indicate the strongest blob from each of the three different strength estimates.  
 
 
 
Table 2: IDs of the ten strongest blobs (column 1) ranked in order of decreasing ‘strength’ (column 
2) based on the mean flat value over the blob area in F125W and F160W filters (columns 3 and 
4). The F125W/F160W ratio (column 5) shows that blobs are not as strong in F160W. Columns 6 
and 7 rank blob strength using the minimum flat value in each filter, corresponding to the center 
of each blob. For comparison, we rank the blobs according to the integrated blob ‘flux’ from 
F153M Earth flats in column 9. This value from Sunnquist (2018) is reported in column 10 with 
the blob radius in column 11. The bottom two rows give statistics for only the 54 ‘strong’ blobs 
flagged in the bad pixel tables and for the 148 ‘strong’ and ‘weak’ blobs flagged in the delta-flats.
         

ID 
 
 

Mean 
Rank  

Mean 
f125w 

Mean 
f160w 

f125w/ 
f160w 

Min 
Rank 

Min 
f125w 

Min 
f160w 

Rank 
f153m 

‘Flux’ 
f153m 

Radius 

25 1 0.922 0.945 0.976 3 0.789 0.850 4 159.7 10.2 
2 2 0.923 0.943 0.978 4 0.800 0.838 34 50.0 12.7 

33 3 0.942 0.960 0.981 2 0.756 0.844 3 179.5 9.4 
27 4 0.943 0.960 0.982 5 0.801 0.868 1 181.4 8.3 

140 5 0.946 0.960 0.985 1 0.695 0.780 2 180.0 9.0 
148 6 0.955 0.977 0.977 6 0.847 0.888 6 130.0 10.2 
29 7 0.961 0.973 0.988 9 0.856 0.897 30 58.3 10.9 

116 8 0.962 0.972 0.990 10 0.862 0.906 17 83.4 9.9 
9 9 0.965 0.976 0.989 8 0.856 0.895 5 130.3 8.2 

30 10 0.969 0.979 0.990 7 0.855 0.876 5 130.3 8.3 
Strong 
Blobs 

 0.977 
±0.017 

0.983 
±0.012 

0.993 
±0.005 

 0.887 
±0.052 

0.919 
±0.039 

 68.2 
±42.4 

8.1 
±1.7 

All 
Blobs 

 0.986 
±0.014 

0.990 
±0.010 

0.996 
±0.004 

 0.929 
±0.049 

0.947 
±0.036 

 36.4           
±35.6 

6.8 
±1.8 

       
 
 
Because the delta-flats have been corrected by the P-flat, the mean blob value in our analysis is 
less than 1.0. On the other hand, the blob 'Flux' (McCullough et al. 2014; Sunnquist 2018) was 
computed using a different approach. The ratio of the combined Earth flat to a stack of internal 
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flats was subtracted from unity so that blobs are positive deviations. Then, they set all pixel values 
greater than 0.2 to be 0.2 and all less than -0.2 to be -0.2 to reduce the influence of clusters of 
“wild” pixels, especially near the edges and corners. The final image was then median filtered with 
a 3x3 pixel kernel to remove individual deviant pixels and then multiplied by 1000.   
 
For blob ID #116, the F153M integrated ‘Flux’ is reported as 83.4, corresponding to a total loss of 
8.34%. For comparison, we find the F160W mean to be 0.972 measured over a total area of 308 
pixels. This gives an integrated flux of ((1-0.972)*308 pix) = 8.62%, in good agreement with the 
F153M measurement. Conversely for the largest blob ID #2, the F153M flux reported as 5.0% is 
much lower than our F160W flux of ((1-0.943)*507pix) = 28.9%. In our approach, flagged bad 
pixels were replaced with the median value of the surrounding pixels, whereas the F153M flats 
were ‘clamped’ to an upper and lower cutoff value. Since blob ID #2 is near the corner of the 
detector where there are a large number of bad pixels, this may have resulted in the F153M flux 
being underestimated.   
 
Additionally, we find that the flat value in the center of some blobs show losses exceeding 20%, 
for example ID #140 which has a minimum value of 0.695 and 0.780 in F125W and F160W. Since 
the blob strength from Earth flats is based on a ‘clamped’, median-smoothed image, this could 
result in the F153M integrated flux to be underestimated for the strongest blobs. Thus, we attribute 
differences in the list of strongest of blobs to the different approach taken for each analysis. Still, 
we find that the two different methods show similar results, where the top six strongest blobs in 
F153M are in the top ten computed from sky flats in six filters. Since blobs are similar in strength 
in F105W, F110W, F125W, and F140W, we conclude that the total light reduction is not dependent 
on the filter bandwidth and is more likely related to the filter pivot wavelength. The F153M pivot 
wavelength (1532 Å) is very similar to the F160W filter (1537 Å), so we expect the blobs to have 
similar strength in these two filters. This wavelength-dependent effect could provide us a clue as 
to the blobs’ composition.   
 
Figure 9 shows a 25x25 pixel cutout of the delta-flat in six filters for eight blobs with the largest 
mean strength, listed in order of appearance date. While the earliest blobs have the smallest errors, 
there was insufficient data to accurately calculate a ‘pre-blob’ P-flat, so we replaced these pixel 
values in the PFLTFILE with the median value of the surrounding pixels to make those flats more 
useful for grism calibration (see Section 3.3). This was done for all ‘early’ blobs, plus an additional 
five blobs (ID #’s 25-29) appearing through September 2009. Thus the delta-flats shown for blob 
ID #’s 1-29 (plus any appearing on the ground) contain both the detector ‘pixel-to-pixel’ sensitivity 
and the sensitivity profile of the blob itself. This is especially apparent for blob ID #2 which 
appears noisier than more recent blobs, even though it is part of the set with the smallest errors. 
 
For blobs starting with ID #30 (appearing in October 2009), the blob-free region of the P-flat was 
constructed using a small number of images and blob regions are therefore noisier. Because the 
delta-flats have been normalized by the P-flat, this additional noise is included on both the P-flat 
and the D-flat and therefore cancels out when calwf3 applies the product of the two flats. Thus 
blob ID #33 in row 5 of Figure 9 appears to have larger noise, but this is merely an effect of the 
low signal-to-noise P-flat.     
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Figure 9: The delta-flat in six IR filters for eight blobs with the largest mean sensitivity loss, listed  
in order of appearance date (top row to bottom row). These blobs are ranked in Table 2 by their 
mean strength and by the maximum sensitivity loss in the central pixel.   
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5. Improvement in Calibrated Data    
 
To demonstrate the improvement in observations calibrated with the new P-flat and D-flat 
reference files, we compare the drizzle-combined DRZ (*drz.fits) data products available in MAST 
for four broadband filters with a large cumulative background. In Figures 10-13, we show the ‘old’ 
DRZ products in the left panel, derived from FLT (*flt.fits) images calibrated with the 2011 P-flats. 
Each image shows a a 600x600 pixel subsection of the detector with different number of blobs 
depending on the date of observation. The most visually noticable blobs in each dataset are 
labelled, where yellow font is used for blobs categorized as ‘strong’ and blue font for those 
categorized as ‘weak’. We notice that some ‘weak’ blobs appear to reduce the incoming light as 
much as those categorized as ‘strong’. For example, ‘strong’ blob ID #’s 10 and 27 in the F125W 
filter (Figure 11) appear roughly similar in strength to ‘weak’ blob ID #’s 6, 37, 38, 43, 48, and 
129. These differences in strength with wavelength are most likely due to color-dependencies in 
the individual blobs. 
 
Next, we reprocessed the RAW (*raw.fits) images in each image association using the same version 
of calwf3 and the same reference files, with the exception of the new P-flats and D-flats. Next, we 
ran AstroDrizzle with same parameter settings used in the pipeline to combine the recalibrated 
FLT’s. In the right panels of Figures 10-13, we show the new DRZ data products which all show 
a more uniform sky background. Olszewski et al. (2020) presents blinking GIFs comparing the old 
and new DRZ products, making it easier to visualize the improvement. A link to their electronic 
poster is provided in the References section.  
 
In three of the four examples, the blobs fully disappear when using the new flats. For the F125W 
dataset in Figure 11, the blobs are only partially corrected and appear as adjacent pairs of dark and 
light residuals. Because the CSM does not always return to the same nominal position when 
switching from UVIS to IR observations (McCullough et al. 2014), a given dataset may show a 
small misregistration of the blobs if it was acquired at an off-nominal CSM position. This is 
because the sky delta-flats represent the average of many images for a range of CSM positions, 
heavily weighted toward the nominal position. In the future, delta-flats could be produced for a 
range of CSM positions, and the user could manually recalibrate their images with a more optimal 
flat field image. We discuss this topic further in Section 6.  
 
In Figures 10, 11, and 12, we demonstrate the improvement for datasets using very small dithers, 
so that the blobs are in roughly the same position in the combined DRZ frame.  In Figure 13, we 
show an example of four dithered frames for which pairs of images are offset with a small dither, 
and those pairs are further dithered to step across the blobs. This can be achieved through either a 
manual dither ‘POSTARG’ in the APT Phase II, or by selecting a predefined PATTERN, such as 
the IR-BLOB-DITHER. In this dataset, the PI performed a large ~30-pixel POSTARG, so the 
combined DRZ image on the left shows an average of 2 ‘blob’ and 2 ‘non-blob’ pixels in the four 
FLT frames. In the new DRZ image, the blobs flat field out at both dither positions.  
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Figure 10: F105W dataset ‘ibohbh020_drz.fits’ observed on 2013-01-07 with 123 total blobs. The 
association is comprised of six 1300 second FLT frames with a total background of 14,100 
electrons. The left (right) panels show the old (new) DRZ products for a 600x600 pixel subsection 
of the detector [1:600:220:820]. Visible strong and weak blobs are shown in yellow and blue text.  
  

 
 
Figure 11:  F125W dataset ‘ia2101010_drz.fits’ observed on 2010-10-15 with 106 total blobs. 
The association is comprised of eight 1300 second FLT frames with a total background of 24,900 
electrons. Each panel shows the old (new) DRZ products for the same region from Figure 10, 
where fewer blobs are apparent due the earlier date. In this visit, the CSM appears to be in a slightly 
off-nominal position, so the blobs are not removed with the flat-field, appearing as adjacent pairs 
of dark and light residuals in the right panel. 
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Figure 12: F140W dataset ‘ibkdf2010_drz.fits’ observed on 2013-07-10 with 127 total blobs. The 
association is comprised of four 1300 second FLT frames with a total background of 10,400 
electrons. Each panel shows the old (new) DRZ products for the same region in Figure 10.
   

 
 
 

Figure 13: F160W dataset ‘icdu82030_drz.fits’ observed on 2015-05-08 with 128 total blobs. The 
association is comprised of four 1300 second FLT’s with a total background of 3,900 electrons, 
where each panel shows the old (new) DRZ products for same region in Figure 10. The blobs 
appear much fainter compared to Figures 10-12, because the PI utilized a large ~30 pixel dither to 
step over the blobs. Thus, the old DRZ image shows an average of 2 blob and 2 non-blob pixels in 
the four FLTs. In the new DRZ image, the delta flat corrects the blobs at both dither positions. 
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6. Future Work 
 
Delta-Flats for Off-Nominal Positions 
 
Comparing a large set of dark Earth flats acquired over time, McCullough et al. (2014) found slight 
offsets in the blob positions, attributed to small changes in the CSM position angle when switching 
from the UVIS to the IR detector. Due to this effect, the authors created a set of seven delta-flats 
by stacking images at slightly different positions, in increments of 0.004 degrees and spanning a 
total range of 0.024 degrees of rotation. This total range corresponds to a diagonal shift of ~1 pixel 
for blobs near the center of the detector.  
 
In the left panel of Figure 14, we show a small region of the delta-flat, highlighting blob ID’s #116 
and #33 with radii ~10 pixels and a total separation of ~100 pixels. To illustrate the effect of flat-
fielding an image at an off-nominal CSM position with a delta-flat from the nominal position, we 
show the ratio of two delta-flats with CSM angles differing by 0.012 (0.024) degrees, in the center 
(right) panels of Figure 14. These dark/light blob residuals are similar to those observed in the 
F125W dataset shown in Figure 11. 
 
We could use our knowledge of the CSM offset positions, as determined from the F153M flat 
analysis to produce a set of delta-flats at a range of CSM positions for the six filters in this study. 
Unfortunately, we have not discovered any simple metric which correlates with the observed 
position of blobs in the images. While the WFC3 team keeps a record of the CSM angle as a 
function of time, these are measured via the IR dark-earth flats so the sampling is sporadic. The 
engineers perform more frequent tracking of the CSM resolver settings, but those do not appear to 
show any correlation with the dark-earth CSM measures (S. Baggett, private communication). 
Thus, blob flats for any images acquired at an off-nominal CSM position would not be able to be 
applied in the pipeline and would need to be manually applied by the user during recalibration.  
 
 

  
 

Figure 14: (Left) F153M delta-flat ‘blob_avg00.fits’ displayed with a scale from 0.90 to 1.05. 
This zoomed region shows the position of blob ID’s #116 (lower) and #33 (upper) observed at the 
nominal CSM position and separated by ~100 pixels. (Center, Right) Ratio of two delta-flats with 
CSM angles differing by 0.012 and 0.024 degrees, displayed with a scale from 0.97 to 1.03.   
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Time-Dependent Delta-Flats in F153M 
 
Earth flats could be used to derive a set of time-dependent delta-flats for the F153M filter, similar 
to the six filters in this study. The delta-flats posted in 2014 on the WFC3 IR flats webpage  include 
all 127 ‘strong’ and ‘weak’ blobs appearing through June 2013. These delta-flats could be 
regenerated to include the 7+ years of new Earth flat calibration data to account for all 151 known 
blobs as a function of their appearance date.  
 
The 2014 delta-flats were intended to correct FLT images calibrated with the 2011 P-flats and 
would need to be recomputed to work with the 2020 flat fields. With the availability of new time-
dependent F153M delta-flats, we would redeliver the P-flat for this filter to remove ‘early’ blobs 
which were included in the 2020 solution. Since there were not enough archival images to make 
sky flats in this filter, Mack et al. (2021) applied a smooth correction to the F153M ground flat 
based on the ratio of the F160W sky flat and the F160W ground flat. Then, ‘early’ blobs from the 
first nine delta-flats (through 2009), including three of the strongest blobs to date (IDs #25, 27, 
33), were pasted-in to the ratio image. The ratio ‘correction’ image was then smoothed with a 
circular median filter of radius 5 pixels to account for pixel-to-pixel sensitivity differences between 
the F153M and F160W filters. This slightly increases the radius of the blobs and also reduces their 
depth. Thus blobs will be less visually apparent in the calibrated F153M images retrieved after 
October 2020, but they will not be completely corrected.  
 
Updated Blob Catalogs 
 
A deeper, combined stack of all Earth flat images to date would allow for the ‘very weak’ blobs to 
be added to the current catalog. If this work is undertaken, we recommend that the blob 
‘Appearance’ dates be re-determined depending on whether they were first observed in the ground 
flats, in high-background science images, or in the Earth flat monitoring data.  

7. Conclusions 

We derive new delta-flats to correct for sensitivity losses in six IR filters due to blobs on the WFC3 
Channel Select Mechanism which obscure the incoming light. The blobs are weaker in the F160W 
filter compared to the F098M, F105W, F110W, F125W, and F140W filters, where they are 
relatively similar in strength. The maximum loss occurs in the central pixel of each blob, where 
the sensitivity is reduced up to 30% (blob ID #140). For only ‘strong’ blobs, which are flagged in 
the bad pixel tables, the mean sensitivity loss is ~10 ± 5% and the mean correction over the entire 
flagged region is ~2% but can be large as ~8% (e.g. blob ID #25).  

These delta-flats are intended to be used with new ‘pixel-to-pixel’ P-flats by Mack et al. (2021), 
which were delivered to the Calibration Reference Data System (CRDS) at the same time. These 
two studies make use of the same data sample and software algorithms such that images acquired 
before a blob appears are used to derive the P-flat, while images acquired after a blob appears are 
used for the delta-flat. In order limit the combined flat field errors to <1%, delta-flats were 
computed only for the 148 blobs appearing through July 2018. Delta-flats for the three most recent 
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blobs (ID #’s 149-151) will be delivered as more in-flight observations are available. 

IR datasets retrieved from MAST after October 2020 will be calibrated with the new P-flat and D-
flat reference files ‘4*pfl.fits’ and ‘4*dfl.fits’, respectively. When performing the flat fielding step, 
calwf3 will correct IR data by the product of the flat reference files listed in the image header in 
the PFLTFILE and DFLTFILE keywords. The bad pixel tables will continue to carry DQ flags for 
‘strong’ blobs only, while the delta-flats now provide DQ flags for all cataloged blobs, regardless 
of their strength. This increases the total number of flagged pixels (DQ= 512, ‘bad in flat’) from 
1.1% to 2.3% in the DQ array of calibrated WFC3/IR (*flt.fits) images. 

The delta-flats represent an average of the CSM angle positions sampled with in-flight images, 
and any given visit may show the blobs at an off-nominal position, causing them to not entirely 
disappear after flat fielding. In this case, users may elect to ignore both the delta-flat correction 
and the additional DQ flags for ‘weak’ blobs by setting the DFLTFILE keyword to ‘N/A’ in the 
header of the (*raw.fits) image and then reprocessing with calwf3. Instructions for manual 
recalibration are provided in the WFC3 Data Handbook (Gennaro et al. 2018).  

Currently, drizzled data products (*drz.fits) provided by MAST ignore the blob flags populated in 
the DQ array of calibrated (*flt.fits) images, since not all users perform a ‘blob dither’ as part of 
their observing strategy. The delta-flats are therefore useful for producing visually ‘clean’ 
calibrated images, but users wishing to perform very accurate photometry in these regions are 
advised to use caution. For dithered datasets, the calibrated (*flt.fits) data products may be re-
drizzled while rejecting any pixels with 512 flags in the DQ array. When combining observations, 
AstroDrizzle will then replace those pixels with unflagged regions from the second (dithered) 
exposure in the association.  

In the future, one could assign a unique flag value (e.g., DQ=1024) to discern ‘weak’ blobs from 
‘strong’ blobs (DQ=512) in the delta-flats. This could make it easier for users to decide whether 
to exclude all pixels affected by blobs or simply those pixels affected by strong blobs. However, 
we note that the error in the flat for a given blob does not depend on how strong the blob is, but 
only how early or late in the lifetime of WFC3 that the blob appeared. If so desired, users can 
always remove the 512 DQ flags for specific blobs in calibrated (*flt.fits) images prior to drizzling. 
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