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ABSTRACT
The internal deuterium lamp was used to illuminate the SBC detector through the
F125LP filter for 20.5 hours and produced about 12,000 counts/pixel. This illumination
does not simulate the OTA optics and, therefore, is not suitable for the production of  a
low frequency L-flat. However, the pixel-to-pixel P-flat is an improvement over the
laboratory SBC flat currently used in the ACS pipeline processing for the six SBC
imaging filters.

1. Introduction

The full low-frequency and pixel-to-pixel high-frequency LP-flat field correction for the
SBC filters on ACS are difficult to construct. There was no attempt in the lab to
simulate flat field OTA illumination, and the bright earth cannot be observed.
Sufficiently dense star fields with appropriate magnitudes are hard to find for deriving
the on-orbit L-flat, and the only significant contribution for a sky flat is from the geo-
coronal Lyman-alpha line that has only ~1 count/min per pixel in F115LP. The internal
deuterium lamp does produce a smoothly varying illumination pattern that can be used
to define a P-flat. Extensively dithered observation of ~50 stars in NGC6681 are
currently the best available data for defining L-flats for the SBC imaging modes. This
ISR addresses the creation of a new P-flat for the SBC.

2. Data
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The internal lamp exposure times ranged from 780 to 2500s and were obtained in
programs 9562, 9657, and 10047 over the time period of 2002-06-11 to 2004-09-09.
The total exposure time is 20.5 hours, which resulted in ~12,000 total counts/pixel near
the center of the SBC MAMA detector. Figure 1 shows the degradation of the lamp
output vs. exposure time. Based on pre-launch testing, the declining lamp output is
probably caused by polymerization of  contaminants on the lamp window.

The 37 individual exposures through the F125LP filter are co-added and fit following
the procedures summarized in Bohlin et al. (1999) and Bohlin, Hartig, and Meurer
(BHM 1999). The IDL routine flatall along with its main subroutines flats and fitflat are
used to produce the P-flat by fitting the overall vignetting pattern with low order
splines. This internal vignetting of the lamp illumination is about 10% from image
center to the edges, while the P-flat is equal to the original co-added image divided by
the fitted pattern.

The data quality flags in the third extension of the flat field file are all zero, except for
values of 512 around the edges and in rows 599:604 with dead MAMA diodes.

Figure 1 - Relative count rate vs. total time of illumination of the SBC detector by
the internal deuterium flat field lamp.
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3. Results
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Figure 2 - Ratio of the on-orbit SBC P-flat to the laboratory P-flat. The name of
the lab flat, psbcex99marsm77super, is the sum 77 images with external
illumination obtained in March of 1999 and is also know as jref$m5t12223j_pfl in
the ACS pipeline processing system. The grey scale calibration is indicated on the
reference bar at the top right. The line of text "P-flat rms(%)=…" indicates one-
sigma values in the 101x101 pixel standard region (dashed box) for the total pixel-
to-pixel scatter, the Poisson counting statistic, and the intrinsic rms variation of the
ratio. The horizontal grey strip is the region of bad anodes, where the flats are set
to unity. The vertical feature near the center is caused by the slightly different
illumination in the region of the repeller wire. There are slight differences in the
steep drop of the flat field at the extreme right hand edge where the vertical white
and black regions appear.

The ratio of the new to the pre-flight P-flat is illustrated in Figure 2, while these
differences are quantified more precisely in Table 1 with the program ratstat.pro. This
ratio of new/old is divided into 8x8 128x128 pixel blocks, and Table 1 contains the
statistical analysis for the 16384 pixels in each block. Columns in Table 1 correspond to
successive blocks in x on the image, while each set of three rows corresponds to blocks
in y where the top of the Table corresponds to the top of the image. The three numbers
for each block in Table 1 are from top to bottom: the expected rms scatter due to
counting statistics, the actual rms scatter, and the residual scatter attributed to actual
systematic differences between the two flats. The right hand column should be ignored,
because the larger scatter there is caused by slight differences in the steep drop in the
flats, as seen at the right side of Figure 2. Ignoring all 30 of the boxes around the edges,
the actual differences average 1.3% and range from 1.0 to 1.6%. Thus, the in-flight flat
differs from the lab flat by more than the typical ~0.9% Poisson uncertainty in the new
flat. The old flat has a better statistical uncertainty of ~0.4%; but the 0.9% Poisson
uncertainty of the new flat will begin to contribute significantly to the final uncertainty
only for observations with more than ~10,000 counts/pixel. Evidence for stability of the
on-orbit SBC flat field is that the ratio of the first half to the second half of the on-orbit
exposures are identical to 0.3% rms per pixel after correcting for the Poisson statistics.
The first half of the total counts covers the interval 2002 June to 2003 March, while the
second half includes 2003 April to 2004 September.
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Table 1. RESIDUAL % RMS DEVIATIONS FOR NEW/OLD

    1.04    1.03    1.03    1.02    1.02    1.03    1.04    1.08
    1.95    1.98    2.13    2.06    2.05    2.00    1.93    2.67
    1.65    1.70    1.87    1.79    1.78    1.71    1.63    2.45

    1.02    1.00    0.99    1.00    1.00    1.01    1.02    1.07
    1.85    1.85    1.77    1.72    1.76    1.74    1.73    2.81
    1.54    1.56    1.47    1.40    1.45    1.42    1.40    2.60

    1.02    0.99    0.99    0.99    0.99    1.00    1.01    1.06
    1.75    1.74    1.67    1.66    1.66    1.70    1.67    2.62
    1.42    1.43    1.34    1.34    1.32    1.37    1.33    2.40

    1.02    0.99    0.99    0.99    0.99    1.00    1.01    1.05
    1.69    1.72    1.72    1.68    1.63    1.69    1.63    2.42
    1.35    1.41    1.41    1.36    1.30    1.36    1.29    2.18

    1.03    0.99    0.99    0.99    0.99    1.00    1.01    1.06
    1.63    1.58    1.59    1.62    1.62    1.65    1.65    2.29
    1.26    1.23    1.25    1.29    1.28    1.31    1.30    2.03

    1.03    1.00    0.99    0.99    1.00    1.00    1.01    1.06
    1.51    1.49    1.53    1.61    1.66    1.66    1.69    2.30
    1.10    1.11    1.16    1.26    1.33    1.33    1.36    2.04

    1.04    1.01    1.00    1.00    1.01    1.01    1.02    1.07
    1.35    1.40    1.50    1.62    1.73    1.85    1.90    2.51
    0.87    0.97    1.12    1.27    1.41    1.55    1.60    2.27

    1.06    1.03    1.02    1.02    1.02    1.02    1.03    1.08
    1.36    1.36    1.47    1.66    1.81    1.95    2.11    2.68
    0.85    0.90    1.07    1.31    1.50    1.66    1.84    2.46

Order: Poisson, actual, residual sigmas
Central 36 bins: Average residual & rms=  1.34  0.12

Because BHM found that the SBC P-flat for the imaging modes is independent of
wavelength to <0.5% and averaged the P-flats from five filters to make the original
pipeline super flat, the new F125LP P-flat should be used for all six SBC filters for
future ACS pipeline data processing. Errors in the existing pre-flight SBC prism P-flat
should  be comparable to the typical 1.3% differences between the pre-flight P-flat and
the new internal lamp P-flat.
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4. Future Observations

Even though the P-flat is independent of wavelength, the L-flat may not be. The
deuterium lamp illumination of the detector-filter combination should be the same for
all six filters. Thus, the internal flat field lamp can be used to find differences in the L-
flat with wavelength. In cycle 14, short exposures of 2500s in each of the filters require
only about 4hrs of burn time and would be sufficient to define the delta L-flats relative
to the existing F125LP data set. These delta L-flats will help us understand the
anomalous ratio of F165LP/F140LP Jupiter images from proposal 10140 reported by C.
Proffitt. In addition, the ratios of L-flats for the six filters that will be derived from the
NGC6681 observations can be checked; and perhaps, a more robust L-flat can be
computed for any filter that may have a poor NGC6681 data set. The last set of these six
2500s internal observations should be for F125LP to verify that there is no change from
the data discussed here.

The prism P-flat differs from the imaging filters because the illumination has a different
angle of incidence (BHM). Because the P-flat for the prisms has probably changed by
an amount that is comparable to the change observed from ground to space for the
imaging filters, an additional set of internal lamp exposures are required to define a P-
flat appropriate for on-orbit use for the prism modes. About 10,000 counts/pixel are
required in cycle 14 and will be split equally between the two prism modes to verify that
their P-flats are still identical. The count rates measured in the lab for the internal lamp
are in Table 2 and correspond within a few percent to the on-orbit rates for F115LP and
F125LP. A new prism P-flat can be obtained with about 23 hours of exposure time split
equally between PR110L and PR130L, respectively. Following the proposed total 27
hours burn time in cycle 14, the internal deuterium lamp should still have ~68% of its
brightness after about four years in space.

Table 2. Pre-launch Count Rates per Pixel for the SBC Internal Deuterium Lamp

F115LP 0.185
F125LP 0.17
F140LP 0.16
F150LP 0.15
F165LP 0.03
F122M 0.004
PR110L 0.17
PR130L 0.17
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