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2. WFC3/UVIS CTE MODEL 
 

Hot pixels in dark frames are used to empirically model CTE losses on a 

pixel-by-pixel basis (Massey 2010; Anderson & Bedin, 2010). The model is 

applied to science images to restore charge to its original location. 
 

Assumptions 

a)  Warm pixels (WPs) are intrinsically delta functions. 

b)  Any charge in a trail above the WP represents CTE losses. 
 

Process 
 

1) Identify bright warm pixels (WPs) in long (800 sec) darks i.e., 

with lots of counts and small corrections. 

2)  Scale down to estimate ñtruthò in short-exposure darks. 

3)  Observe the surviving counts in short darks (where trail is 

      too faint to measure). 

4)  Tabulate losses as a function of WP size and background. 

5)  Fit a comprehensive forward model to this data.   

6)  Invert to obtain correction for science images. 

 

3. MEASUREMENT OF CTE LOSSES 

The plot at right illustrates 

the number of surviving e- 

measured from WPs in 

WFC3 that had 10, 30, 

and 50 e- at the top of  

the detector. A smooth 

model is fit to determine 

the marginal losses as a 

function of e- packet size. 
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7. STATUS/FUTURE WORK 

1) Standalone FORTRAN code is available (see link below). 

2) Runs in parallel (up to ~40x faster than original version). 

3) Corrects all full-frames and most supported subarrays 

(workaround available for unsupported subarrays). 

4) Next: finalize all new reference files. 

5) Re-constrain model with 2014 data. 

6) Release new pipeline with correction (~Mar 2015). 

7) Account for small amount of serial CTE (ISR 2014-02). 

Post-flashed biases and darks  

have revealed the CTE-loss 

culprits: ñsink pixelsò which trap  

charge and end up registering 

low counts. Their number is in- 

creasing steadily over time which  

is consistent with them being  

caused by radiation damage. 

Their impact, summarized in the  

figure at right, is a function of sink  

depth (different panels), background (color-coded), and 

distance from the amplifier (solid and dotted for close and far, 

respectively). While only ~0.05% of pixels have sinks deeper 

than 20 e-, the associated troughs can affect up to ~0.5% of 

pixels depending upon the image background. 

5. UNEXPECTED FEATURES: SINK PIXELS 

Radiation damage continues to degrade the WFC3/UVIS 
detector but by ensuring sufficient background (post-flashing 
if necessary), CTE losses can be kept below the 20% 
άǇŜǊǘǳǊōŀǘƛƻƴέ ƭŜǾŜƭ ŦƻǊ ȅŜŀǊǎ ǘƻ ŎƻƳŜΦ ¢ƘŜ ǇƛȄŜƭ-based CTE 
correction, along with its implementation in the MAST 
pipeline, will help keep WFC3/UVIS at peak performance.  

Top page           www.stsci.edu/hst/wfc3                                                

WFC3 CTE      www.stsci.edu/hst/wfc3/ins_performance/CTE      

WFC3 reports  www.stsci.edu/hst/wfc3/documents/ISRs                     

CTE code         www.stsci.edu/hst/wfc3/tools/cte_tools 

 

WFC3/UVIS image 

subsection farthest 

from the amplifier 

before (top) and 

after (bottom) 

application of the 

pixel-based CTE 

correction.  

The CTE correction works well but the nature 

of the algorithm is such that it cannot 

completely recover what was lost, particularly 

at the faintest levels. To avoid amplification of 

read noise, the algorithm is conservative in its 

reconstruction at the low background levels 

where losses are non-linear. 

1. MITIGATION OPTIONS 

0. THE PROBLEM 
 

HSTôs low-earth orbit environment damages CCDs, causing 

CTE losses. These losses are worse when the background 

in images is low, such as in WFC3/UVIS thanks to its low 

dark current and UV and narrow-band-filter imaging modes. 

By ensuring a moderate image background (e.g. via longer 

exposure times and/or applying post-flash), observers can 

keep CTE losses below ~20%, a regime where pixel-based 

corrections are relatively accurate. 
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In the figure at right, the left  

panel shows a deep image stack  

taken with high background that 

is relatively free of CTE losses.  

The middle panel shows a stack  

of nine short exposures taken with only ~2 e- background in 

each image: traps capture and release charge during readout, 

causing trails above sources and the complete loss of some 

stars (e.g., A and D). The right panel is a stack of nine short 

exposures with ~16e-/pixel of post-flash in each image. 

1) Place small targets close to the readout amp. 
 

2) Ensure sufficient image background (e.g. broader filters, 

longer exposure times and/or post-flash). 
 

3) Apply formula-based corrections to aperture photometry. 
 

4) Correct images using empirical pixel-based CTE model. 

4. APPLICATION OF THE CORRECTION 

ótruthô image No background 16e- background 

Sink=15 e- Sink=25 e- Sink=35 e- Sink=45 e- 

Bck=12e- 

Bck=25e- 

Bck=50e- 

Bck=100e- 

  

6. IMPLEMENTATION IN THE PIPELINE 

New code ï The original code for pixel-based correction was written in 

FORTRAN and is available as a standalone routine. It is currently being 

ported to C for incorporation into the MAST CALWF3/OPUS pipeline.  
 

New output products ï The CALWF3 pipeline will generate both un-CTE-

corrected and CTE corrected products, as shown in the flowchart below. 

 

 

 

 

 

 

 

 

 

New reference files ï 

Custom reference files are 

required for the CTE-

correction calibration: 

special biases and darks, 

PCTE table (containing the 

trap specifications, CTE 

scaling, and trail profiles), 

and the sink pixel 

correction file. 
 

New header keywords ï 

Primary header keywords 

will capture the correction 

information along with 

reference file and table 

names (TIR 2014-03). 

At left, a section of the sink 

pixel reference file used to 

flag the sinks.  

   0:  unaffected by sink 

   5-digits: MJD of sink turn-on 

  -1: preceding pixel affected 

 
Values >0 and with <5 digits in the sink pixel reference file 

mark potential victims of the sink pixel if the sink MJD 

precedes the science exposure start time. In that case, pixels 

will be flagged in the science image data quality file when the 

science image sink pixel value (in e-) is less than the value 

listed for that pixel in the reference file (ISR 2014-19). 
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