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ABSTRACT

The anneal rate of hot pixels on the ACS WFC is ~60%-65%, significantly lower than the
characteristic anneal rate of 80-85% seen for other CCD’s flown on HST (i.e., WFPC2,
STIS, and ACS HRC).  The ACS WFC is annealed in the same way as the other HST
CCD’s and there is no firm understanding at this time of the source of the difference. After
~7-8 successive anneals, the cumulative fraction of annealed pixels reaches an apparent
plateau at ~70%.  The fitted, successive annealing function is used to project forward in
time the expected fractional coverage of the CCD by hot pixels.  Approximately 2 years
after launch the coverage by hot pixels is expected to exceed that by cosmic rays in a
~1000 sec exposure.  At the nominal end of the HST mission (2010) the coverage by hot
pixels would be ~6%, i.e., one out of every 16 pixels.  Because hot pixels are readily
flagged and corrected or discarded they do not pose a serious threat to science observa-
tions, but their growing presence require careful dithering and consideration.

Introduction

 The anneal rate of new hot pixels (dark current > 0.04 e/s)  on the ACS WFC has been a
dissapointingly-low ~60% in the first 8 monthly anneal cycles of the instrument (Riess,
Mutchler, Van Orsow 2002, ISR 02-06). This rate is significantly lower than the observed
and characteristic value for other HST CCD’s; 80-85% for WFPC2, STIS, and ACS HRC.
The anneal rate is significantly less than 60% for pixels which are much hotter than 0.04 e/
s. The likely consequence of poor annealing is a greater fractional coverage of the camera
by pixels with elevated dark current than the experience of other HST CCD’s.
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The reason for the low anneal rate for the ACS WFC is not clear at this time. The WFC is
annealed at approximately the same temperature (~+20 C), for no shorter a time  interval
(~24 hours) and with the same frequency (monthly) as the other instruments. The answer
may lie in the details of the manufacturing process of the CCD or in the way in which the
CCD is read-out. Expert CCD consultants have been unable to provide a reliable explana-
tion for the poor annealing (private communication,  Blouke and Janesick).  One
possibility may involve a difference in the way the chip is operated during integration and
read-out.  During integration the chip is used in MPP mode, but when it is read-out, it is
switched to non-MPP mode. This results in "turning-on" the Si-SiO interface states that
are nomally passivated when integrating in MPP mode. (Mark Clampin, private communi-
cation).  Unfortunately the chip electronics dictate this switching which cannot be
disabled, even for a test.

Here we seek to quantify, empirically model and project forward in time the likely future
population of hot pixels on the ACS WFC.  Using our predictive model we then test the
utility of increasing the frequency of anneals to bi-monthly.

Observed Hot Pixel Growth
The characteristic “saw-tooth” pattern of the growth and annealing of hot-pixels seen

for ACS WFC during the first two anneal cycles (and all other CCD’s flown on HST) has
continued through the ensuing 6 anneal cycles. New hot pixels with dark current > 0.04 e/
s (a number which is ~18 times and ~13 standard deviations above the mean dark current)
steadily develop at a rate of ~1200 pixels per day (see Figure 1). Once a month, the CCD
is annealed and between 60% and 65% of the hot pixels created during the preceding
month return to normal dark current production.  Without any annealing, ~10% of the
CCD would be covered by hot pixels by early 2006. For the 40% of “persistent” hot pixels
which do not anneal at their first opportunity, the likelihood that they anneal in any future
anneal drops precipitously, a result which is consistent with WFPC2 and the ACS HRC.
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Persistent Hot Pixels and Future Projections

Current projections for the hot pixel coverage of WFC are highly dependent on both the
anneal rate of new hot pixels as  well as the anneal rate of the persistent hot pixels.  New
hot pixels which fail to "heal" become increasingly unlikely to heal in each successive
anneal.  After approximately 7 or 8 anneals (the total number of anneal cycles we have
observed to date) the cumulative anneal rate reaches an apparent plateau for pixels which
became hot during the first or second anneal cycle (i.e., in April or May or 2002).  The
"persistent-pixel-annealing function", as seen in Figure 2,  can be approximated by a sim-
ple series of monthly anneal rates of 62%,6%,5%,4%,3%,2%,1%,0%. After 7 or 8 anneal
cycles a cumulative fraction of ~70% of hot pixels will have been annealed leaving ~30%
to remain hot (presumably for the long term).

Figure 1: The growth of hot pixels (dark current < 0.04 e/s) with
time.  The “saw-tooth” pattern reflects the continual production and
monthly annealing of hot pixels.  Anneals heal ~60% of new hot pixels.
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  Using this function we can project forward in time the expected hot pixel population.
The result are Figures 3 and 4.  Using as a reference the fractional WFC coverage by cos-
mic rays in a 1000 sec exposure (~1.5%), we expect to reach this coverage by hot pixels
less than 2 years after launch or by the beginning of 2004. We would project a ~3% cover-
age by ~4 years after launch or by early 2006.  We stress that  accurate projections are
difficult and grow more uncertain with the time interval of the projection.

For comparison, 2.5% of WFPC2 is currently covered by hot pixels (dark current > 0.02 e/
s; see Figure 3). However, a comparison between WFPC2 and ACS WFC coverage by hot
pixels must account for the difference in the dark current limit used to define a hot pixel.
For WFPC2 the limit is 0.02 e/s or half of the ACS WFC value.  A simple correction
derived from ACS WFC is that there are 1.4 times as many hot pixels at the WFPC2
threshold as for the ACS threshold.  Using this conversion (for Figure 3 this correction
was applied to WFPC2) we conclude that currently ACS WFC has 1/3 the fractional cov-
erage by hot pixels as currently exhibited by WFPC2.

Figure 2: The cumulative fraction of hot pixels which are healed after successive
anneals.  Hot pixels formed during the first anneal cycle (April 2002) are shown as
open symbols while the asterisks shown those formed during the second anneal
cycle (May 2002).  After the first anneal which is ~63% successful, succeeding
anneals are less successful and after ~7-8 anneals the cumulative anneal rate
reaches an apparent plateau.
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Figure 3: Similar to Figure 1 but the growth trend is projected
forward in time using the derived sequence of successive anneal
success rates.  Approximate comparisons to WFPC2 and STIS are
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Figure 4: Similar to Figure 1 and 2 using a log scale
for ease in viewing both the recent trend and the future
projection.  The anneal rate of 61% is the best fit average

WFPC2

shown.  ACS HRC is also shown.

over all anneals.
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Would Bi-Monthly Annealing Help?

Would bi-monthly annealing help reduce the long term growth of hot pixels? The evidence
in hand suggests it would not. If the persistent-pixel-annealing function really does reach
a plateau (as indicated by the data; see Figure 2) then simply increasing the number of
anneals (or their frequency) would have negligible impact in the long term.

Another way in which bi-monthly annealing would differ from the current monthly
annealing (and perhaps yield better results) is by reducing the mean time interval between
the formation and attempted annealing of a hot pixel (from ~14 days to ~7 days).  How-
ever, comparisons of the anneal rate for hot pixels formed at the beginning and at the end
of an anneal cycle indicate that the anneal rate does not depend on this time interval.
For both the ~30 day old and the ~1 day old hot pixels, the anneal rate was the same ~60%
and the cumulative anneal rate after 8 cycles was ~70%. Therefore, simply decreasing the
interval between annealings would not appear to have an impact.

Given our generally poor understanding of the anneal process we cannot rule out the pos-
sibility that bi-monthly annealing could impact the anneal rate in some more subtle way.
We can only say at this time the data indicates it will not help and that bi-monthly anneal-
ing is probably not a solution to the rapid hot pixel growth on WFC.  We do recommend
further study of this problem which might culminate in additional experiments. From past
experience with other HST instruments, it has been shown that the length of time of the
anneal is not an important parameter.  However, other possibilities might include (but are
not limited to) warming the CCD by pointing at the bright Earth during the anneal (or
other ways of increasing the temperature of the CCD during the anneal) , reading out the
CCD during the anneal to increase the energy available to the lattice to break the bonds of
the damaged site of the crystal, annealing during warm attitudes, or running the CCD
colder to reduce the dark current in the already hot pixels.

Science Impact

Because the location of hot pixels is known from dark frames, they are readily flagged and
discarded.  In principle they can be corrected without discarding, but because the noise in
hot pixels is greater than Poisson, corrections are of only limited value.  The best strategy
for mitigation is dithering.  For a well-dithered image, a given fractional coverage by hot
pixels of the CCD represents an equal fractional reduction in the effective exposure time.
Over the next few cycles this will result in an effective reduction of exposure time of 2%-
3% which will have little to no science impact.  For searches for rare and faint transients
(e.g., high-redshift supernovae), an additional exposure (e.g., 5 instead of 4 in an orbit)
may be required in future cycles to insure each pixel is clean from contamination.  Alter-
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natively, contemporaneous dark frames can be used to reject transients found in the
position of hot pixels.   It is possible that a reduction in the operating temperature of the
ACS WFC due to the aft-shroud cooling system could further mitigate the hot pixel prob-
lem by reducing the dark current of hot pixels. Upcoming tests of raising the temperature
of the camera
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