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Installed on the Hubble Space Telescope (HST) in May 2009, the Wide Field 
Camera 3 (WFC3) is a fourth-generation imaging instrument that has been 
performing well on-orbit. The most recent HST Call for Proposals ended on Friday 
March 1, 2013. For successful proposers - as determined by the Telescope 
Allocation Committee and approved by the Director of STScI - the next step is to 
convert the proposal into a "Phase II" using the latest version of the Astronomer's 
Proposal Tool (APT 21.0.1). The Phase II contains the exposure specifications and 
details necessary for acquiring the data. To aid in this process, we summarize 
information that may be helpful to WFC3 observers preparing their Phase II. We 
discuss the available apertures and observing modes, the Charge Transfer 
Efficiency (CTE) mitigation options (post-flash and the CTE pixel-based correction 
algorithm), as well as strategies to optimize observations, e.g. useful dithering 
sequences, tips for packing orbits, and ways to minimize persistence in WFC3/IR 
images. 
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Minimizing IR Persistence!

Apertures and Observing Modes!

Dithering!

 UVIS CTE and Post-flash!

Abstract!
!

CTE Mitigation During Proposal Preparation  
 

•  Consider placement of target within the FoV 
•  Position sources close to readout amplifiers (losses due to CTE 

are smaller the closer a target is to the amplifiers) 
•  Obtain observations at multiple spacecraft roll angles (suitable 

for sparsely populated fields with bright objects) 
•  Step in Y direction with small degree of overlap (for programs 

with large mosaicking) 
 

•  Ensure at least 12e-/pixel image background 
•  Lengthen exposure times 
•  Use broader filter 
•  Apply internal background (Post-flash, e.g. set FLASH=12) 

•  Note: Post-flash is not included in ETC. S/N estimates will need to 
account for increased background 

New Pixel-based CTE Correction Algorithm for UVIS 
 

•  Operates on ‘raw’ images and produces CTE corrected ‘rac’ 
images. Can also operate on both ‘flt’ and ‘raw’ images to produce 
CTE corrected ‘flc’ files. 

•  Note: The correction model works well for moderately bright 
sources on at least 12e- background images; fainter sources and/
or fainter background images suffer more severe CTE losses, 
(including the complete loss of faint sources especially in low 
backgrounds <<12 e-) which are difficult to correct. 

 

MAST persistence interface: archive.stsci.edu/prepds/persist/search.php 
WFC3 persistence page: www.stsci.edu/hst/wfc3/ins_performance/persistence/ 
 

Contact help@stsci.edu if you need assistance with your IR observations 

IR Persistence Example. 
The red arrow points to 
one case of persistence. 
The persistence shown 
in this example is from 
one of two previously 
observed programs with 
different dither patterns. 
The dithering persists 
into this image of gamma 
ray burst GRB090423 as 
part of program 11189 
visit H2.  

Planning Observations 
 

•  Try to keep exposure levels below saturation everywhere in the image if the S/
N level can tolerate it 

•  Dither when possible 
•  Do not dither a bright object across the region of the detector containing 

important science. 
•  Inspect your dither pattern using tools provided by APT 

•  If observing with both UVIS and IR, observe with UVIS first – this will give the 
IR side more time to clear any persistence from previous proposals. 

•  If you cannot avoid exposures that will cause persistence, take your ‘thinnest’ 
exposures first and be careful of over-exposing broad band filters. 

 

After Observations 
 

•  Check your data to see if it is affected by persistence. 
•  If your data is affected by persistence, search MAST using the persist search 

form which will locate fits files that were created using the WFC3 team prototype 
software. 

This plot shows how much of a star's 
starting flux is lost to CTE. When the 
background is ~0 e- (red points), the losses 
can be pathological: almost all the original 
counts are lost if the star is has fewer than 
100 electrons.  On the other hand, if the 
background is ~12 e- (blue points), losses 
are generally about 15% for all faint stars. 

Benefits include 

•  Improved PSF sampling 
•  Rejection of cosmic rays 
•  Removal of hot pixels and other detector 

blemishes 
•  Improved photometric accuracy 
•  Bridging the gap between UVIS chips 
•  Avoidance of IR self-persistence (see 

above) 
•  Enhanced spatial sampling 
•  Generation of larger mosaics 

Packing Orbits!
•  Reducing Overheads 

•  Consider using subarrays or binning 
•  Buffer will not have to be dumped as often 

•  If observing with both UVIS and IR 
•  Group all UVIS exposures together (and 

likewise with IR) to minimize switching time 

•  Minimize filter switches 
•  Shorter exposures before longer ones 
•  Use APT visual tool to visualize visit 

usage 

This figure shows a x2-super sampled stack of part of an 
Omega Cen field far from the readout amplifier. The image to 
the left shows a stack of eight 700s exposures; the middle, a 
stack of nine 10s exposures (background ~2 e-); and the right 
image, stack of nine 10s exposures with post-flash (for a total 
background ~16 e-). Scale and zero-points of images were 
configured to be as similar as possible. The addition of post-
flash in the right panel preserves stars A and D, which are lost 
in the unflashed image.  
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CTE Levels 
 

•  Faint Sources 

•  Sources on a low background (<12e-) could 
be lost due to CTE (see figure to the left) 

•  Sources on a higher background (>12e-) 
are recovered even at small exposure times 

•  Bright Sources 
•  Sources on a low background (<12e-) will 

have reduced counts due to CTE trails 
•  Sources on a higher background (>12e-)  

will retain more of their counts and exhibit 
less count loss due to CTE trails. 

UVIS UVIS-QUAD-FIX 

UVIS-CENTER UVIS-QUAD-SUB 

UVIS-FIX UVIS1-2K2A-SUB 

UVIS1 UVIS1-2K2B-SUB 

UVIS1-FIX UVIS2-2K2C-SUB 

UVIS2 UVIS2-2K2D-SUB 

UVIS2-FIX UVIS2-M1K1C-SUB 

UVIS-IR-FIX UVIS2-C1K1C-SUB 

G280-REF UVIS2-M512C-SUB 

UVIS-QUAD UVIS2-C512C-SUB 
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IR IRSUB512-FIX 
IR-FIX IR-UVIS 
IRSUB64 IR-UVIS-CENTER 
IRSUB64-FIX IR-UVIS-FIX 
IRSUB128 GRISM64 
IRSUB128-FIX GRISM128 
IRSUB256 GRISM256 
IRSUB256-FIX GRISM512 
IRSUB512 GRISM1024 
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UVIS 
Aperture 
Diagram 
 

IR 
Aperture 
Diagram 
 

Recommended for most observational programs in order to maximize science return 
Pre-defined dither patterns are available for use, see: 
www.stsci.edu/hst/wfc3/documents/handbooks/currentIHB/appendixC3.html 
 

Patterns Include 
•  Line and box shapes with two or more steps as well 

as patterns to help construct large mosaics or cover 
the chip gap. 

•  Default step sizes though these can be easily 
customized using APT. 

•  Nesting capability e.g., large stepped primary pattern 
can contain a secondary pattern with smaller steps to 
sample PSF. 

 ISR 2010-09 provides detailed decision trees for both UVIS and IR, outlining the options 
for optimizing dithering based on observational goals.  
 

For questions and/or advice about dithering, email help@stsci.edu 
 

•  Instrument Handbook: www.stsci.edu/hst/wfc3/
documents/handbooks/currentIHB/ 

 

•  ISR 2010-09: www.stsci.edu/hst/wfc3/documents/
ISRs/WFC3-2010-09.pdf 

•  WFC3 Home Page: www.stsci.edu/hst/wfc3/ 
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•  CTE White Paper: www.stsci.edu/hst/wfc3/ins_performance/CTE/CTE_White_Paper.pdf 
•  CTE Efficacy: www.stsci.edu/hst/wfc3/ins_performace/CTE/anderson_uvis_postflash_efficacy.pdf 
•  WFC3 CTE Page: www.stsci.edu/hst/wfc3/ins_performance/CTE/ 
•  CTE Tools: www.stsci.edu/hst/wfc3/tools/cte_tools 

Grism Resources 
Resource Page: 
www.stsci.edu/hst/wfc3/analysis/grism_obs/wfc3-grism-resources.html 
 
 

aXe Improvements and Documentation 
Cookbook: www.stsci.edu/hst/wfc3/documents/WFC3_aXe_cookbook.pdf 
Information: axe-info.stsci.edu 
 


