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Abstract

We report on a Cycle 23 calibration program to monitor the status of the SBC P-flat. We
find random pixel to pixel changes to be small, with only ∼2% of pixels having changed by
more than 3σ. There are coherent changes that we measure to be above the poisson errors,
in some regions as high as 4% peak to peak. We recommend that the ACS team obtain new
observations in order to create a new P-flat. We also measured the degradation of the
deuterium lamp used to create internal flats. The brightness of the lamp is currently ∼65%
of its initial level, the degradation being dependent on lifetime usage.

Introduction

Over the last decade, little work has been done on Advanced Camera for Surveys (ACS)
Solar Blind Channel (SBC) calibration. This report is the first in a series where various
aspects of the calibration will be inspected and updated if necessary.

The on the fly re-processing (OTFR) pipeline applies an LP-flat to SBC data. This
LP-flat consists of a pixel-to-pixel flat (P-flat), created by using an internal lamp, and a
low-order flat (L-flat), created by using external observations. The purpose of this report
is to investigate whether the P-flats have changed since they were last updated in 2005
(Bohlin and Mack, 2005) and if any updates are required. We also report on the status of
the deuterium lamp used for internal calibrations of the SBC.
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Rootname Filter Obs date Exptime (s)

jd2617e2q F122M 2015-11-16 2500.0
jd2618e8q F122M 2015-11-16 2500.0
jd2619ecq F165LP 2015-11-16 2500.0
jd2620ejq F165LP 2015-11-16 2500.0
jd2621elq F150LP 2015-11-16 2500.0
jd2622erq F150LP 2015-11-16 2500.0
jd2623evq F140LP 2015-11-16 2500.0
jd2624f9q F140LP 2015-11-17 2500.0
jd2625fhq F125LP 2015-11-17 2500.0
jd2626hvq F125LP 2015-11-17 2500.0
jd2627i7q F115LP 2015-11-17 2500.0
jd2628jgq F115LP 2015-11-17 2500.0

Table 1: Observation log, for the Cycle 23 P-flat data. The observations come from CAL/ACS-14403 (PI
Borncamp).

Data

We used internal deuterium lamp exposures from the CAL/ACS Cycle 23 Program 14403
(PI: Borncamp). Each SBC imaging filter (F115LP, F125LP, F140LP, F150LP, F165LP,
F122M) was used for two orbits. This resulted in a total of ∼8.33 hours of observations.
Table 1 lists the images obtained for this study.

We began the analysis by processing the RAW images through CALACS with the FLAT-
CORR header keyword set to OMIT. This prevented the images from having the flat field
calibration applied. We then co-added the images by filter. Figure 1 shows the pixel value
distribution of all the co-added images. The narrowest filter in the set (F122M) has too low
a signal to be useful and is therefore not used in any further analysis.

In order to investigate the status of the deuterium lamp, we made use of all the SBC
data that ever used the lamp. This includes both imaging and prism data.

Deuterium lamp

ACS has a deuterium lamp used for internally flat fielding the SBC. Before this program,
the last time the lamp was turned on for any appreciable amount of time was in 2009 (PID
11398: Mack). Up to that point, there had never been a gap between switch-ons longer than
a year. The lamp was turned on once for a few seconds in 2011 (PID 12393: Wheeler) as
part of engineering tests.

The lamp has been observed to degrade with usage and not with total flight time (Bohlin
and Mack, 2005; Mack et al., 2005; Bohlin and Mack, 2006), but because of the large gap
since the last time it was turned on we performed a check to ensure that the lamp is still
in good working order. To do this we analyzed all the imaging data that has ever used the
lamp. For each image we measured the median count rate and compared it to the pre-launch
count rates per pixel reported in Bohlin and Mack (2005). Those ratios were then plotted
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Figure 1: Distribution of total counts in each co-added filter flat.

up against the cumulative lamp usage (Figure 2). These measurements do not take into
account any sensitivity losses in the detector. At most these losses are ∼5% (Avila and ACS
Team, 2013).

The lamp degradation shows no large drop off since the last time it was turned on, and
the lamp brightness is currently ∼65% of what it was at launch. Given this information,
future calibration programs should make judicious use of the lamp. Barring a catastrophic
event, future calibration programs can use the current degradation to estimate count rates,
even after a long gap between lamp operation.

P-flats

Bohlin et al. (1999a) established the guidelines on how to make P-flats for the SBC. Briefly,
the steps involved are:

1. Co-add all the individual images

2. Mask bad pixels and regions

3. Fit unmasked data with a spline

4. Divide original unmasked data by fit

5. Set masked points to unity

The co-addition of images in step 1 may involve all SBC imaging filters. This is because
Bohlin et al. (1999b) found that SBC P-flats are independent of wavelength. As stated
before, we do not make use of F122M data because it has low S/N.
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Figure 2: Normalized count rates of all imaging filter flats. The large gap between 25 and 50 hours
corresponds to prism flat data. While that data was not analyzed in this study, the lamp usage information
was taken into account to produce this plot. The pre-launch count rates used for normalization can be found
in table 2 of Bohlin and Mack (2005).

The P-flat that is currently being used in the OTFR pipeline (p5p1513pj pfl.fits) contains
20.5 hours of data (Bohlin and Mack, 2005). In order to eliminate differences caused by
using different software, we re-processed all the data used to make the pipeline P-flat with
our own software. Our re-processed flat has ∼12,000 total counts/pixel and S/N ∼109, or
0.9% uncertainty (poisson). The co-added image made from our cycle 23 data has ∼2300
total counts/pixel and a S/N ∼48, or 2.1% uncertainty.

Figure 3 shows the ratio image produced by dividing the new flat by the re-processed
current flat. Given the poisson uncertainties in the two input images, the uncertainty of the
ratio image should be 2.3%. The rms scatter in the ratio is 1σ=2.7%, with only ∼2% of
pixels having changed by more than 3σ.

Of more concern than random changes is the fringing that is visible in the ratio image.
This fringing is most evident in the bottom right portion of the image. We averaged 20 rows
in this part of the image to measure the peak-to-peak of the fringes. The average of the rows
show the peak-to-peak to be as large as 4% (Figure 4).
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Figure 3: Ratio of the new data to the current pipeline flat. The black box near the bottom right corner
shows the region used to measure the peak-to-peak of the fringes (Figure 4). The cross that traverses the
image is where bad pixels were masked and set to unity. The column corresponds to the position of the
repeller wire, while the row is the section of pixels affected by a bad anode.
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Figure 4: Average of 20 rows of a box centered at (866,244) in the region where fringing of the ratio image
is most severe.

In order to unequivocally determine whether a new P-flat is required, we investigated
how the fringing has changed over time. If the fringe pattern is constantly changing and it is
a component that cannot be tracked, then it would not be necessary to make new flats. On
the other hand, if the pattern has stayed constant and only recently changed, a new flat is
required. We made flats for individual years using our own, previously described, algorithm.
We used data from 2002, 2004, 2005, 2007, 2008, and 2009. The 2002 and 2004 data is the
one that is included in the current pipeline flat. We then divided the flat from each year by
the current pipeline flat. Figure 5 shows 100×100 pix boxes centered around the region used
to measure the peak-to-peak. The data from 2002, 2004, and 2005 show only random noise,
so the fringes in those years were the same as what is in the current pipeline flat. From
2007 onwards, all the ratio images show the same fringes. This indicates that something
happened to change the fringe pattern with respect to the current flat, although the change
has remained constant until now. It is unclear what could have caused the change to occur.

Recommendations

The new P-flat data is consistent with the current pipeline flat. Random pixel to pixel
changes have been small, but coherent changes (fringes) show large enough changes to war-
rant the production of a new P-flat.

In order to create a new P-flat with similar S/N as the current one using the F125LP
filter, at least 43 internal orbits would be required. We recommend that the ACS team
submit a calibration proposal in the next cycle to obtain these observations.

The degradation in the deuterium lamp shows dependency in total usage, and not total
time in space. The current lamp brightness is about 65% of the original brightness. Consid-
ering the lamp has degraded considerably, usage should be justified and carefully planned.
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Figure 5: Images of a 100×100 pix box, centered at (866,244), extracted from the ratio images. All images
have the same stretch.
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