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Left column: Persistence arising from spatial 
scan (top), grism (middle), and dark earth flat 
(bottom) exposures. Right column: estimated 

persistence from the model. 

o 105 e- stimulus can produce signal of ~ 0.3 e-/s 1000 s after exposure 
o Signal decays as power law with slope of ~ -1 (10000 s à 0.003 e-/s)
o Persistence detectable at levels similar to the background for several hours
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Top: persistence as a function of 
fluence in a sequence of darks 

immediately after stimulus.
Bottom: Persistence as a function of 
time for various stimulus levels. [11]

o Photometric losses and astrometric shifts depend on 1) signal level of the 
source, 2) total background level (e-/pix), 3) number rows transferred upon 
readout, and 4) observation date i.e. amount of sustained radiation damage

o CTE losses worsen with lower background and fainter signal levels 
o Packets with 1000 e- lose ~ 30% and 10K e- packets lose ~ 6% (0 e- bkg)

Vertical profile for stars with ~ 15 e- in central 
pixel in 4s exposure at eight different sky 

background levels. The bottom of each panel 
contains sky subtracted profiles with the heavy 
black curve showing the expected profile. Left-

most panel illustrates stars in the 500 pixels 
closest to the readout while the right panel 

depicts stars furthest from readout. [8]

o The scale of losses and shifts above are very similar because a change of 
0.01 mag corresponds to a 1% change in flux, and with FWHM of ~ 1 pixel 
a shift of 1% of the flux introduces a ~ 0.01-pixel shift

The average vertical profiles for SPs that 
contain ~ 35 traps. These SPs are at the 

top of the detector and experience 
maximum charge-transfer errors. They 

have almost a delta-function impact at high 
backgrounds, but create a broad trough in 

low background images. [9]

Photometric losses (left 
panel) and astrometric 
shifts (right panel) for 

stars of different 
brightness and sky 

levels in Dec. 2020. [7]

The maximum CTE flux losses as a function of obs. date for three different 
flux bins with a ~ 20–25 e-/pix background [2]

o UVIS uses buried channels and multi-phase pinned technologies to help 
lower dark current and improve charge transfer

o Two to four 900s dark current exposures are taken every day
o Since Nov. 12, 2020 we use a 20 e- post-flash to mitigate CTE losses
o Roughly 1000 hot pixels accumulate per day but a fraction of them are 

“repaired” via the annealing process [14]

Evolution of hot pixels (≥ 54e-/hr) 

Number of hot pixels in full-frame UVIS 
superdarks spanning the Feb. 2023 and 
Mar. 2023 anneal cycles. Red Xs denote 

non-CTE-corrected data while Black circles 
represent CTE-corrected data.

The number of F814W low sensitivity pixels with values ≤ -1%. [5]   

o Snowballs are bright, transient, extended sources that typically affect ~ 10 
pixels, contain > 105 e-, and saturate ~ 2–5 pixels

o Like CRs, snowballs generally affect one detector read making them easily 
rejected during the “up-the-ramp” fit in the calwf3 pipeline

o Occurrence rate is roughly 1 snowball per hour of exposure time 
o Seen in other detectors such as JWST [3,12], Euclid [1], and Roman [1]
o U-238 α-decay from detector or bonding material causing snowballs?? [10]

Example snowball. Left: region of one 
read containing snowball, Middle: 

saturated pixel map, and Right: flux map, 
red = saturation. [15] Snowball normalized count 

per month. [10]

o Bad pixels are categorized and flagged as either hot, unstable, dead, or 
bad-in-zeroth-read pixels and of 2019 only ~ 3.5% of IR pixels are bad

o Data calibrated with time-dep. bpixtabs, pixels flagged in the DQ array
o Stable number of dead and bad-in-zeroth-read pixels, hot pixels increase   

~ 200 per year and unstable pixels vary by up to ~ 4000 pixels per year

o UVIS exhibits occasional low-level hysteresis across both CCDs (up to 4%) 
immediately after an anneal procedure 

o To check for any QE deficit (and automatically mitigate if necessary), every 
three days the detector is saturated with a 200s F475X flat-field where 
pixels reach ~ 2-3 times full-well saturation

The evolution of the various bad pixel 
populations. Dotted lines denote number of pixels 
identified in studies from 2012 and 2014 and the 
numbers in the legend represent the DQ flag of 

the bad pixel type. [4]

Two unstable pixels with one 
becoming unstable for two 

years (top) and another 
oscillating between two 

distinct levels (bottom). [4]
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ABSTRACT
Wide Field Camera 3 (WFC3) is a fourth-generation imaging instrument 
installed on the Hubble Space Telescope during Servicing Mission 4 in 
2009. WFC3 features two independent channels: the Ultraviolet-Visible 
channel (UVIS), sensitive to 200–1000 nm, with a pair of ~ 2K x 4K CCDs, 
and the Infrared channel (IR), sensitive to near-IR approximately 800–1700 
nm, with a ~ 1K x 1K HgCdTe array. WFC3 has been performing extremely 
well over its 15 years on-orbit, although each detector has characteristics 
that can affect the precision of astronomical measurements and thus require 
calibration. For example, the UVIS CCDs experience charge transfer 
efficiency losses due to radiation damage from the orbital environment, as 
well as dark current and hot pixel growth. UVIS also exhibits a small number 
of anomalous pixels referred to as sink pixels and low-level pixel-to-pixel 
quantum efficiency fluctuations. The IR focal plane array exhibits 
persistence, hot/bad pixels, and snowballs. All the detector systematics are 
well-characterized and routinely monitored, with calibration and/or mitigation 
strategies updated as needed. Here we discuss some of the UVIS and IR 
detector systematics as well as the pre- and post-observation techniques 
we employ to mitigate their effects.
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o Mitigation: 1) masking (preferred) or 2) subtracting estimate of persistence
o Persistence model is run on all IR images and the products are available on 

MAST                                                                         , including a HTML 
table summarizing persistence in each exposure and several FITS files to 
assess the impact of persistence in images

o An exceptionally interesting case of persistence, which has been dubbed 
“burping”, involves a delayed afterglow signal (≳ 1 day) that appears once 
the detector has been well-exposed

o “Burping” is characterized by the persistence appearing as expected, but 
then disappearing (even from darks before the flat-field). Then the signal is 
seen as a negative imprint in the flat-field and finally significant persistence 
reappears in the following dark, sometimes up to ~ 20%

http://archive.stsci.edu/prepds/persist/search.php
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Dark current as a function of time.

Three Image ratios containing 
hysteresis (all after an anneal). [13]

Nominal image ratio 
with no hysteresis. [13]

UVIS QE PIXEL VARIATIONS
o A small (few percent) evolving population of pixels with lower sensitivity 

develops between anneals
o Pixels deviating by more than 2–3% ranges from 0.1% in F814W and 

F438W and from ∼ 3% up to ∼ 10% in F225W [6]
o Warming the detector to ~ 20ºC successfully recovers most low-sensitivity 

pixels although some, like bluer wavelengths, require multiple anneals
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Non-CTE-corrected CTE-corrected

o Sink pixels (SPs) are individual pixels that 
contain a large number of traps 

o ~ 0.05% of FOV are SPs, but can affect 
up to ~ 0.5% of pixels in low bkg [9] 

o Pixel-based CTE-correction cannot 
correct them so we use a DQ flag (with 
unique SP reference file) and dithering 
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