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A BSTRACT
The internal flat field lamp has been used since launch to monitor the stability of the ACS
HRC and WFC flat fields. The only ubiquitous change observed in these flat fields is an
excess of pixel responses that are low. This excess of values that are low by more than 3σ varies
from factors of two to several over what is expected from the tail of the Gaussian distribution of
Poisson statistics.
Occasionally, a pattern resembling the growth rings of a tree are seen on the WFC with an
amplitude of ~1%; but this anomaly is sufficiently rare and short lived, so that the monitoring
frequency can be decreased.

1. Introduction
Multiple observations of the internal flat field lamp have been
taken via proposals 9562, 9657, 10049, and 10376 with the HRC and
WFC in filters F435W, F625W, and F814W. The purpose is to measure
any trend in the CCD flat field structure. The only change in the
cosmetic appearance of the flats is that after 02Aug1, a new mote
appears in the HRC flats. Gain is normally 2, while the one test
at G=4 on 03Mar03 showed no anomalies.

2. Non-Gaussian Distribution in the Ratios of Flat Field Exposures
Over time, the P-flat structure changes slightly; but after
accounting for Poisson statistics, the residual in the ratio to
the baseline pre-flight lab flats is stable at ~0.2% of excess
scatter. These residual changes in the P-flats are relative to the
pre-launch baseline, as shown in Figures 1-3 for the three HRC
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filters and in Figures 4-6 for the WFC. Replacing the pre-launch
baseline with one of the flight flats does not change the
essential features of the plots. The triangle symbols in Figures
1-6 trace the non-Gaussian tail of the distribution of the ratios.
For a perfect Gaussian distribution, only 0.3% of the values
should lie outside the 3σ limits expected from the Poisson
counting statistics. Occasionally, a triangle falls nearly as low
as 0.3%; but the shortest wavelength filter F435W for both cameras
and F625W for HRC have flats with up to 2% excess of pixels with
values beyond the 3σ scatter expected from the counting
statistics.

Figure 1 - The intrinsic rms scatter in percent of the HRC internal flight flats after
making the small correction for counting statistics (diamonds). The squares are the
residuals remaining after dividing by the baseline flat and subtracting the Poisson
counting statistics of both flats in quadrature. The triangles represent the fraction of
pixels with values outside the +/-3σ Poisson limits. These statistics are for a 101x101
square box with the top left corner at 590 pixels from the left and from the top of the
image. The short bars at the top of the plot are at the times of the monthly anneals.
There is no obvious correlation between the anneals and the triangles that represent the
excess of highly deviant ratio values.
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Figure 2 - As in Figure 1 for F625W

Figure 3 - As in Figure 1 for F814W.
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Figure 4 - As in Figure 1 for F435W and WFC.

Figure 5 - As in Figure 1 for F625W and WFC.
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Figure 6 - As in Figure 1 for F814W and WFC.

In order to understand this excess, non-Poissionian distribution,
the histograms of ratio images are constructed with an example
shown in Figure 7 for one of the worst cases. All the histograms
show same asymmetry as in Figure 7 with an excess of ratio values
that are low. Table 1 quantifies the range of errors from pixels
with large deviant behavior for a low triangle on 2002Jul21 to the
highest on 2004Mar1 in Figure 2. Both observations are 22.4sec CRsplit=2 at gain=2 in HRC filter F625W. The numerator flats have
~234,000 electrons, while the pre-flight denominator has 1.2
million electrons. An area of 201x201=40401 pixels at the center
of the HRC is used for the histogram, so that the expected number
deviating by more than +/-1%, i.e. 4.4σ, is 0.4, i.e. 0.2 pixels
at >+1%, which explains the observed 0.0000%. Because of gradients
that are typically 1-2% over the HRC field, regions larger than
~200 px cannot be used to study the distribution of values in the
ratio images.
The explanation for the excess of pixel responses that are more
than 1% low is not obvious. However, the similar temporal pattern
of the triangles in Figures 1-6 for all three filters and for both
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cameras suggests a cause related to the thermal environment that
affects both CCD detectors in the same way.

Figure 7 - Histogram of pixel ratio values of a post- to a pre-launch internal flat field
observation. The observation dates are 2004Mar1 and 2001Feb28. This histogram
corresponds to the highest triangle shown in Figure 2.
Table 1. Percent of Pixels with Large Deviations for HRC F625W
Case
2002Jul21
>+1%
-2 to -1%
<-2%
2004Mar1
>+1%
-2 to -1%
<-2%

Observed
(%)

Gaussian Expectation
(%)

0.0000
0.1015
0.0124

0.0005
0.0005
0.0000

0.0000
0.6237
0.0941

0.0005
0.0005
0.0000
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3. WFC Tree-rings
Occasionally, a tree-ring pattern with an amplitude of ~1% is
observed in the internal WFC flats, as illustrated in Figure 8 for
F435W with an exposure time of 14.1sec.
Figures 8-10 are back-to-back with start time separations of
~8min. The anomalous transient drops rapidly in the intensity of
the tree-ring pattern during the ~17min time interval covered by
Figures 8-10. Figure 10 is typical of the ratios of internal flats
for the WFC, where large scale gradients in ratio are <<1%. The
appearance of the tree-rings is rare and occurs somewhat more
frequently with the partial ring pattern of Figure 11. However,
Figures 8 and 11 are the only cases of an amplitude of ~1% out of
63 F435W, 63 F625W, and 55 F814W exposures for an average
frequency of occurrence of 2/181=0.011. A likely cause of this
rare problem is a thermal transient caused by the CCD thermoelectric cooling system.

4. Future Observations
Because of the stability of the internal flats and the wellestablished rarity of the tree-ring anomaly, the frequency of
internal flat monitoring program should be reduced to once per
year. The program includes CR-splits of two for HRC and three for
WFC for each of the three filters.
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Figure 8 - Ratio of data base entry 5528 (j8ic15gmg) obtained on 2002Dec1 to a baseline
F435W internal flat taken on 2002Apr22.
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Figure 9 - Ratio of data base entry 5529 (j8ic15goq) , as in Figure 8. This image started
8min 19sec after the numerator image of Figure 8 and illustrates the rapid decay of the
tree-ring structure.
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Figure 10 - Ratio j8ic15gqq , as in Figure 8. This image started 16min 38sec after the
numerator image of Figure 8 and shows that the anomalous structure has decayed by
more than 10x.

4

Figure 11 - Ratio of j94u11qiq obtained on 2004Dec2 to the baseline flat.
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